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(54) IMAGE PROCESSING DEVICE AND METHOD

(57) The present invention relates to an image
processing apparatus and method that can improve en-
coding efficiency while preventing an increase in load.

An extraction circuit 71 of a filtering prediction circuit
64 extracts motion compensation images for generating
a prediction image in a high-resolution enhancement lay-
er from reference frames in a low-resolution base layer.

A filtering circuit 72 of the filtering prediction circuit 64
performs filtering, which involves upconversion and
which uses analysis in the time direction, on a plurality
of motion compensation images in the base layer extract-
ed by the extraction circuit 71 to generate a prediction
image in the enhancement layer. The present invention
can be applied to, for example, an encoding apparatus
and a decoding apparatus.
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Description

Technical Field

[0001] The present invention relates to an image processing apparatus and method, and more specifically to an image
processing apparatus and method that can improve encoding efficiency while preventing an increase in load.

Background Art

[0002] Conventionally, encoding schemes using motion compensation and the orthogonal transform such as the
discrete cosine transform, Karhunen-Loève transform, or wavelet transform, including MPEG (Moving Picture Experts
Group), H.26x, etc., have been generally utilized as encoding schemes in the case of handling moving images. In these
moving image encoding schemes, the reduction in amount of code is achieved by utilizing the correlation in the spatial
direction and time direction among the characteristics of an input image signal to be encoded.
[0003] For example, in H.264, unidirectional prediction or bidirectional prediction is used when an inter-frame that is
a frame to be subjected to inter-frame prediction (inter-prediction) is generated utilizing the correlation in the time direction.
Inter-frame prediction is designed to generate a prediction image on the basis of frames at different times.
[0004] Furthermore, in SVC (Scalable Video Coding), which is a standard extension of H.264, an encoding scheme
that takes spatial scalability into account has been established. The SVC (H.264/AVC Annex G) is the up-to-date video
coding standard that was standardized in November 2007 by ITU-T (International Telecommunication Union Telecom-
munication Standardization Sector) and ISO/IEC (International Organization for Standardization/International Electro-
technical Commission).
[0005] Fig. 1 illustrates a reference relationship to create a prediction image for compression that takes spatial scalability
into account in the SVC. In the SVC, encoding is performed at a plurality of resolutions in, for example, a base layer and
an enhancement layer illustrated in Fig. 1. In the case of the example in Fig. 1, as a base layer, an image having a
resolution of n x m [pixel (pix)] (n and m are integers) is encoded using spatial scalability. Together with this, an image
having a resolution of N x M [pixel (pix)] (N and M are integers, where N > n and M > m), as an enhancement layer, is
encoded using spatial scalability.
[0006] In the case of the base layer, the current frame is encoded utilizing intra-prediction or inter-prediction similarly
to the case of encoding based on the H.264 standard. In the case of the example in Fig. 1, when encoding of the base
layer is performed, two reference planes (Ref0, Ref1) are used. Motion compensation images (MCO, MC1) from the
individual reference planes are extracted, and inter-prediction is performed.
[0007] Also in the case of the enhancement layer, similarly to the case of the basic layer, the current frame can be
encoded utilizing intra-prediction or inter-prediction.
[0008] In the case of intra-prediction, prediction is performed utilizing spatial correlation in the enhancement layer of
the current frame. Intra-prediction is effective in a moving image to be encoded when the correlation in the time direction
is low, such as when the subject moves a small amount. In general, in general moving images, however, in many cases,
the correlation in the time direction is higher than prediction in the spatial direction, and intra-prediction cannot be said
to be optimum in terms of encoding efficiency.
[0009] In the case of inter-prediction, decoded images in the enhancement layer of temporally preceding or following
frames are used as reference planes. Inter-prediction uses correlation in the time direction, and thus makes high encoding
efficiency feasible. However, it is necessary that it be necessary to decode in advance high-resolution frame images in
the enhancement layer that serve as reference planes. Furthermore, it is also necessary to save the high-resolution
images in a memory in order to utilize them for reference. Moreover, it is necessary to read the high-resolution images
having a large amount of data from the memory. Accordingly, inter-prediction can be said to be a scheme that imposes
a large load in terms of the amount of processing and implementation cost.
[0010] In this regard, in the case of the enhancement layer, in addition to the above two schemes, a prediction method
based on spatial upsampling (upconversion) of the base layer (hereinafter referred to as upconversion prediction) can
be used to encode the current frame.
[0011] An image in the base layer is a low-resolution version of an image in the enhancement layer, and can therefore
be considered to include a signal corresponding to the low-frequency components of the image in the enhancement
layer. That is to say, the image in the enhancement layer can be obtained by adding high-frequency components to the
image in the base layer. Upconversion prediction is a method for performing prediction utilizing such correlation between
layers, and is a prediction method useful to improve encoding efficiency particularly in a case where intra- or inter-
prediction does not apply. Furthermore, this prediction method decodes the image in the enhancement layer of the
current frame merely by decoding the image at the same time in the base layer, and can therefore be said to be a
prediction scheme that is excellent (that imposes a small load) also in terms of the amount of processing.
[0012] Meanwhile, processes for increasing resolution include a technique for performing motion compensation and
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FIR filtering of pixel values to convert the correlation in the time direction into the spatial resolution for utilization. (See,
for example, NPL 1).
[0013] In the method described in NPL 1, the correlation in the time direction is utilized for the process for increasing
the resolution of an input image sequence. Specifically, difference information on a motion-predicted/compensated image
between the current image and the previous image is calculated, and is fed back to the target current image to recover
the high-frequency component included in the input image.

Citation List

Non Patent Literature

[0014] NPL 1: "Improving Resolution by Image Registration", MICHAL IRANI AND SHMUEL PELEG, Department of
Computer Science, The Hebrew University of Jerusalem, 91904 Jerusalem, Israel, Communicated by Rama Chellapa,
Received June 16, 1989; accepted May 25, 1990

Summary of Invention

Technical Problem

[0015] However, upconverting a low-resolution image causes an image having a small number of high-frequency
components to be generated due to an influence of a linear interpolation filter. In upconversion prediction, therefore,
only a prediction image having a small number of high-frequency components can be obtained. That is to say, in
upconversion prediction, it cannot be said that pixel information in the base layer, which has been transmitted, is sufficiently
utilized to perform prediction. In the enhancement layer, therefore, a large amount of code may be needed to encode a
residual signal.
[0016] As above, in conventional encoding and decoding methods, it has been difficult to achieve both improvement
in encoding efficiency and prevention of an increase in load.
[0017] Thus, there may be conceived a method in which improvement in encoding efficiency is realized by applying
an image processing technique as described in NPL 1 for converting the temporal correlation of a moving image into
the spatial resolution. However, the method described in NPL 1 cannot be simply applied to the SVC.
[0018] For example, in inter-prediction, the resolution of a motion compensation image obtained from a reference
plane is the same as that of a prediction image that is generated, and the method described in NPL 1 cannot be applied
to upconversion prediction. Furthermore, in upconversion prediction, since a prediction image is generated only from
the image of the current frame in the base layer, the method described in NPL 1 where the resolution is increased using
three images cannot be applied to upconversion prediction.
[0019] The present invention has been proposed in view of the above situation, and is intended to perform encoding
that takes spatial scalability into account, by more efficiently utilizing the temporal correlation included in a signal sequence
in a moving image, thereby enabling improvement in encoding efficiency while preventing an increase in the load of
processes such as encoding and decoding.

Solution to Problem

[0020] One aspect of the present invention provides an image processing apparatus including decoding means for
decoding an encoded image; generating means for adding an image decoded by the decoding means and a prediction
image and for generating a decoded image; extracting means for performing motion compensation using, as reference
frames, frames formed of decoded images generated by the generating means and using motion vectors in the images
that have been encoded, and for extracting motion compensation images having a lower resolution than the prediction
image from the reference frames corresponding to the prediction image; and prediction image generating means for
performing a filtering process for compensating the motion compensation images extracted by the extracting means for
high-frequency components by utilizing correlation in a time direction that is included in the motion compensation images,
thereby generating the prediction image that has a higher resolution than the motion compensation images.
[0021]  The encoded image has been hierarchically decomposed into images in a plurality of layers having different
resolutions and the images have been encoded; the decoding means can decode the encoded image in each layer; the
generating means can generate the decoded image in each layer; when decoding of a high-resolution layer is to be
performed, the extracting means can use, as the reference frames, frames in a layer having a lower resolution than the
layer, and extract motion compensation images from the reference frames in the layer having a lower resolution; and
the prediction image generating means can generate the prediction image in the high-resolution layer by performing the
filtering process on the motion compensation images extracted from the reference frames in the layer having a lower
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resolution.
[0022] The prediction image generating means can include resolution converting means for converting a resolution
of a difference image between a plurality of motion compensation images extracted by the extracting means and in-
creasing the resolution; first filter means for applying a low-pass filter to the difference image whose resolution has been
increased by the resolution converting means; second filter means for applying a high-pass filter to an image obtained
by applying a low-pass filter by the first filter means; and adding means for adding the image obtained by applying a
low-pass filter by the first filter means and an image obtained by applying a high-pass filter by the second filter means
to one of the plurality of motion compensation images extracted by the extracting means, and for generating the prediction
image.
[0023] The adding means can add the image obtained by applying a low-pass filter by the first filter means and the
image obtained by applying a high-pass filter by the second filter means to a motion compensation image extracted from
a preceding frame with respect to a time of the prediction image.
[0024] The image processing apparatus can further include unidirectional prediction means for performing unidirec-
tional prediction using a plurality of motion compensation images, and for generating the prediction image; bidirectional
prediction means for performing bidirectional prediction using a plurality of motion compensation images, and for gen-
erating the prediction image; and judging means for judging whether the prediction image is to be generated through
unidirectional prediction by the unidirectional prediction means, generated through bidirectional prediction by the bidi-
rectional prediction means, or generated through the filtering process by the prediction image generating means, by
using an identification flag included in a header of the encoded image.
[0025] One aspect of the present invention further provides an image processing method including decoding an
encoded image; adding a decoded image and a prediction image and generating a decoded image; performing motion
compensation using, as reference frames, frames formed of generated decoded images and using motion vectors in
the images that have been encoded, and extracting motion compensation images having a lower resolution than the
prediction image from the reference frames corresponding to the prediction image; and performing a filtering process
for compensating the extracted motion compensation images for high-frequency components by utilizing correlation in
a time direction that is included in the motion compensation images, thereby generating the prediction image that has
a higher resolution than the motion compensation images.
[0026] Another aspect of the present invention provides an image processing apparatus including encoding means
for encoding an original image that is an image to be encoded, and for generating an encoded image; detecting means
for detecting motion vectors on the basis of images and the original image, each of the images being obtained by
performing local decoding on the basis of a residual signal indicating a difference between the original image and a
prediction image; extracting means for performing motion compensation using, as reference frames, frames formed of
the images obtained by performing local decoding and using the motion vectors detected by the detecting means, and
for extracting motion compensation images having a lower resolution than the prediction images from the reference
frames corresponding to the prediction images; and generating means for performing a filtering process for compensating
the motion compensation images extracted by the extracting means for high-frequency components by utilizing correlation
in a time direction that is included in the motion compensation images, thereby generating a prediction image having a
higher resolution than the motion compensation images.
[0027] The encoding means can generate encoded images in a plurality of layers having different resolutions; when
decoding of a high-resolution layer is to be performed, the extracting means can use, as the reference frames, frames
in a layer having a lower resolution than the layer, and extract motion compensation images from the reference frames
in the layer having a lower resolution using motion vectors detected in the layer having a lower resolution by the detecting
means; and the generating means can generate a prediction image in the high-resolution layer by performing the filtering
process on the motion compensation images extracted from the reference frames in the layer having a lower resolution.
[0028] The generating means can include resolution converting means for converting a resolution of a difference
image between a plurality of motion compensation images extracted by the extracting means and increasing the reso-
lution; first filter means for applying a low-pass filter to the difference image whose resolution has been increased by
the resolution converting means; second filter means for applying a high-pass filter to an image obtained by applying a
low-pass filter by the first filter means; and adding means for adding the image obtained by applying a low-pass filter by
the first filter means and an image obtained by applying a high-pass filter by the second filter means to one of the plurality
of motion compensation images extracted by the extracting means, and generating the prediction image.
[0029] The adding means can add the image obtained by applying a low-pass filter by the first filter means and the
image obtained by applying a high-pass filter by the second filter means to a motion compensation image extracted from
a preceding frame with respect to a time of the prediction image.
[0030] The encoding means can make a header include an identification flag identifying whether a prediction image
to be added to an image decoded by a decoding apparatus is to be generated through unidirectional prediction, generated
through bidirectional prediction, or generated through the filtering process.
[0031] Another aspect of the present invention further provides an image processing method including encoding an
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original image that is an image to be encoded, and generating an encoded image; detecting motion vectors on the basis
of images and the original image, each of the images being obtained by performing local decoding on the basis of a
residual signal indicating a difference between the original image and a prediction image; performing motion compen-
sation using, as reference frames, frames formed of the images obtained by performing local decoding and using the
detected motion vectors, and extracting motion compensation images having a lower resolution than the prediction
images from the reference frames corresponding to the prediction images; and performing a filtering process for com-
pensating the extracted motion compensation images for high-frequency components by utilizing correlation in a time
direction that is included in the motion compensation images, thereby generating a prediction image having a higher
resolution than the motion compensation images.
[0032] In one aspect of the present invention, an encoded image is decoded; a decoded image and a prediction image
are added and a decoded image is generated; motion compensation is performed using, as reference frames, frames
formed of generated decoded images and using motion vectors in the images that have been encoded, and extracting
motion compensation images having a lower resolution than the prediction image from the reference frames correspond-
ing to the prediction image; and a filtering process for compensating the extracted motion compensation images for
high-frequency components by utilizing correlation in a time direction that is included in the motion compensation images
is performed, thereby generating the prediction image that has a higher resolution than the motion compensation images.
[0033] In another aspect of the present invention, an original image that is an image to be encoded is encoded, and
an encoded image is generated; motion vectors are detected on the basis of images and the original image, each of the
images being obtained by performing local decoding on the basis of a residual signal indicating a difference between
the original image and a prediction image; motion compensation is performed using, as reference frames, frames formed
of the images obtained by performing local decoding and using the detected motion vectors, and motion compensation
images having a lower resolution than the prediction images are extracted from the reference frames corresponding to
the prediction images; and a filtering process for compensating the extracted motion compensation images for high-
frequency components by utilizing correlation in a time direction that is included in the motion compensation images is
performed, thereby generating a prediction image having a higher resolution than the motion compensation images.

Advantageous Effects of Invention

[0034] According to the present invention, information can be processed. In particular, a high-accuracy prediction
image can be generated and encoding efficiency can be improved without increasing a load more than necessary.

Brief Description of Drawings

[0035]

[Fig. 1] Fig. 1 is a diagram explaining decoding of a coding scheme that takes conventional spatial scalability into
account.
[Fig. 2] Fig. 2 is a diagram explaining an overview of the generation of a prediction image to which the present
invention is applied.
[Fig. 3] Fig. 3 is a block diagram illustrating an example configuration of a main part of a decoding apparatus to
which the present invention is applied.
[Fig. 4] Fig. 4 is a block diagram illustrating an example configuration of a main part of a lossless decoding circuit
in Fig. 3.
[Fig. 5 is a block diagram illustrating an example configuration of a main part of a motion prediction/compensation
circuit in Fig. 3.
[Fig. 6] Fig. 6 is a block diagram illustrating an example configuration of a main part of a filtering prediction circuit
in Fig. 5.
[Fig. 7] Fig. 7 is a flowchart explaining an example of a flow of a decoding process.
[Fig. 8] Fig. 8 is a flowchart explaining an example of a flow of a lossless decoding process.
[Fig. 9] Fig. 9 is a flowchart explaining an example of a flow of a filtering prediction process when decoding is
performed.
[Fig. 10] Fig. 10 is a block diagram illustrating an example configuration of a main part of an encoding apparatus to
which the present invention is applied.
[Fig. 11] Fig. 11 is a block diagram illustrating an example configuration of a main part of a mode determination
circuit in Fig. 10.
[Fig. 12] Fig. 12 is a block diagram illustrating an example configuration of a main part of a motion prediction/
compensation circuit.
[Fig. 13] Fig. 13 is a flowchart explaining an example of a flow of an encoding process.
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[Fig. 14] Fig. 14 is a flowchart explaining an example of a flow of a mode determination process.
[Fig. 15] Fig. 15 is a flowchart explaining an example of a flow of a filtering prediction process when encoding is
performed.
[Fig. 16] Fig. 16 is a diagram explaining another example of the overview of the decoding process to which the
present invention is applied.
[Fig. 17] Fig. 17 is a block diagram illustrating another example configuration of a filtering circuit in Fig. 6.
[Fig. 18] Fig. 18 is a diagram explaining still another example of the overview of the decoding process to which the
present invention is applied.
[Fig. 19] Fig. 19 is a flowchart explaining another example of the flow of the filtering prediction process when decoding
is performed.
[Fig. 20] Fig. 20 is a flowchart explaining another example of the filtering prediction process when encoding is
performed.
[Fig. 21] Fig. 21 is a block diagram illustrating an example configuration of a main part of a personal computer to
which the present invention is applied.
[Fig. 22] Fig. 22 is a block diagram illustrating an example configuration of a main part of a television receiver to
which the present invention is applied.
[Fig. 23] Fig. 23 is a block diagram illustrating an example configuration of a main part of a mobile phone to which
the present invention is applied.
[Fig. 24] Fig. 24 is a block diagram illustrating an example configuration of a main part of a hard disk recorder to
which the present invention is applied.
[Fig. 25] Fig. 25 is a block diagram illustrating an example configuration of a main part of a camera to which the
present invention is applied.
[Fig. 26] Fig. 26 is a diagram illustrating examples of the size of a macroblock.

Description of Embodiments

[0036] Modes for carrying out the invention (hereinafter, embodiments) will be explained hereinafter. Note that the
explanation will be given in the following order:

1. First embodiment (decoding process)
2. Second embodiment (encoding process)
3. Third embodiment (decoding process with three or more motion compensation images)
4. Fourth embodiment (decoding process and encoding process using motion compensation images in the same
layer)

<1. First Embodiment>

[Overview of Prediction]

[0037] Fig. 2 is a diagram explaining an overview of a prediction image generation method to which the present
invention is applied. As illustrated in Fig. 2, in this case, filtering is performed on images of a plurality of reference planes
in a base layer to generate a prediction image of the current block (processing target block at the current time) in an
enhancement layer.
[0038] In this manner, using the analysis in the time direction makes it possible to more efficiently utilize signal com-
ponents in an image sequence than using a spatial upsampling filter. As a result, a prediction image generated by the
technique of the present invention (hereinafter referred to as filtering prediction) can reduce prediction residuals while
having spatially higher frequency components than a prediction image generated through conventional upconversion
prediction that utilizes the image of the current frame (processing target frame at the current time) in the base layer.
That is to say, the amount of code for a picture to be encoded in the enhancement layer can be reduced, and it is possible
to contribute to the improvement in encoding efficiency.
[0039] Moreover, in this filtering prediction, decoded images in the enhancement layer at temporally different frames
are not referred to. Thus, the amount of processing necessary for encoding, the temporary storage capacity, the amount
of information read from a memory, and the like can be reduced, and the cost taken for implementation can be reduced.
Furthermore, power consumption can also be reduced.

[Configuration of Decoding Apparatus]

[0040] Fig. 3 is a block diagram illustrating an example configuration of a decoding apparatus 1 according to an
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embodiment of the present invention.
[0041] Image information encoded by an encoding apparatus described below is input to the decoding apparatus 1
via a cable, a network, or a removable medium. Examples of the compressed image information include image information
encoded in accordance with the H.264/SVC standard.
[0042] In the SVC, compressed image information is composed of layers of a plurality of resolutions. The layer of the
lowest resolution is a base layer, and layers of higher resolutions than the base layer are enhancement layers. Note
that the number of layers is arbitrary; however, in the following description, it is assumed that compressed image
information is composed of two layers. That is, compressed image information input to the decoding apparatus 1 has
the base layer and one enhancement layer.
[0043] Compressed image information of each frame is sequentially input to the decoding apparatus 1. In each frame,
bit streams of the respective layers from the low-resolution side to the high-resolution side are sequentially input. That
is to say, the bit stream in the base layer is earlier input to the decoding apparatus 1.
[0044] The bit stream in the base layer is decoded in a manner similar to that in the case of compressed image
information based on the H.264/AVC standard, and the explanation thereof is thus omitted here. After the bit stream in
the base layer is decoded, the bit stream in the enhancement layer is input to the decoding apparatus 1. Basically, a
process on the bit stream in the enhancement layer will be explained hereinafter.
[0045] A storage buffer 11 sequentially stores bit streams input as compressed image information. The information
stored in the storage buffer 11 is read by a lossless decoding circuit 12 in units of images of certain units such as
macroblocks forming a frame, as appropriate. In the H.264 standard, it is also possible to perform processing instead
of in units of macroblocks of 16 x 16 pixels, in units of blocks into which a macroblock is further divided, such as blocks
of 8 x 8 pixels or 4 x 4 pixels.
[0046] The lossless decoding circuit 12 performs a decoding process corresponding to an encoding scheme, such as
a variable-length decoding process or an arithmetic decoding process, on an image read from the storage buffer 11.
The lossless decoding circuit 12 outputs a quantized transform coefficient, which is obtained by performing the decoding
process, to a dequantization circuit 13.
[0047] Furthermore, the lossless decoding circuit 12 identifies a prediction method on the basis of an identification
flag included in the header of the image to be decoded. In a case where it is judged that the image to be decoded is an
intra-coded image, the lossless decoding circuit 12 outputs intra-prediction mode information stored in the header of the
image to an intra-prediction circuit 22. The intra-prediction mode information includes information regarding intra-pre-
diction, such as the size of a block used as the unit of the process.
[0048] In a case where it is judged that the image to be decoded is inter-coded information, the lossless decoding
circuit 12 outputs motion vectors and an identification flag that are stored in the header of the image to a motion prediction/
compensation circuit 21. The mode of prediction in which a prediction image is to be generated through inter-prediction
is identified using the identification flag. Identification flags are set in units of, for example, macroblocks or frames.
[0049] In addition to the mode of unidirectional prediction, the mode of bidirectional prediction, and the mode of
upconversion prediction, the modes of prediction that are prepared include the mode of filtering prediction for generating
a prediction image by performing filtering on motion compensation images extracted from a plurality of reference frames
located in one or both temporal directions in the base layer.
[0050] Hereinafter, the mode of prediction in which a pixel value in one motion compensation image among motion
compensation images extracted from a plurality of reference frames located in one direction is set as a pixel value in a
prediction image is simply referred to as a unidirectional prediction mode. Furthermore, the mode of prediction in which
the average value of pixel values in motion compensation images individually extracted from a plurality of reference
frames located in both directions is set as a pixel value in a prediction image is simply referred to as a bidirectional
prediction mode. Moreover, the mode of prediction in which a motion compensation image extracted from the current
frame in the base layer is upconverted to determine a pixel value in a prediction image is simply referred to as an
upconversion prediction mode.
[0051] The fourth mode of prediction as illustrated in Fig. 2 in which a pixel value in a prediction image is determined
by performing filtering including upconversion on each of motion compensation images extracted from a plurality of
reference frames located in one or both directions of the base layer is referred to as a filtering prediction mode.
[0052]  The dequantization circuit 13 performs dequantization on the quantized transform coefficient supplied from
the lossless decoding circuit 12 using a scheme corresponding to the quantization scheme used on the encoding side.
The dequantization circuit 13 outputs a transform coefficient obtained by performing dequantization to an inverse or-
thogonal transform circuit 14.
[0053] The inverse orthogonal transform circuit 14 performs, for example, the fourth-order inverse orthogonal transform
on the transform coefficient supplied from the dequantization circuit 13 using a scheme corresponding to the orthogonal
transform scheme on the encoding side, such as the discrete cosine transform or Karhunen-Loève transform, and outputs
an obtained image to an adder circuit 15.
[0054] The adder circuit 15 combines the decoded image supplied from the inverse orthogonal transform circuit 14
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and a prediction image supplied from the motion prediction/compensation circuit 21 or from the intra-prediction circuit
22 via a switch 23, and outputs a composite image to a deblocking filter 16.
[0055] The deblocking filter 16 removes block noise included in the image supplied from the adder circuit 15, and
outputs an image from which the block noise has been removed. The image output from the deblocking filter 16 is
supplied to a rearrangement buffer 17 and a frame memory 19.
[0056] The rearrangement buffer 17 temporarily stores the image supplied from the deblocking filter 16. The rear-
rangement buffer 17 generates an individual frame from an image of, for example, every macroblock that is stored, and
rearranges the generated frames in certain order such as display order before outputting them to a D/A (Digital/Analog)
converter circuit 18.
[0057] The D/A converter circuit 18 performs D/A conversion on each of the frames supplied from the rearrangement
buffer 17, and outputs the signals of the frames to outside.
[0058] The frame memory 19 temporarily stores the image supplied from the deblocking filter 16. The information
stored in the frame memory 19 is supplied to the motion prediction/compensation circuit 21 or the intra-prediction circuit
22 via a switch 20. Note that the frame memory 19 also stores an image in the base layer that has been decoded prior
to the decoding of the enhancement layer and the stored image is utilized for the decoding of the enhancement layer,
as described below.
[0059] The switch 20 is connected to a terminal a1 in a case where a prediction image is to be generated through
inter-prediction, and is connected to a terminal b1 in a case where a prediction image is to be generated through intra-
prediction. The switching of the switch 20 is controlled by, for example, a control circuit 31.
[0060] The motion prediction/compensation circuit 21 determines a prediction mode in accordance with the identifi-
cation flag supplied from the lossless decoding circuit 12, and selects frames to be used as reference frames, from
among decoded frames that are stored in the frame memory 19, in accordance with the prediction mode.
The motion prediction/compensation circuit 21 determines macroblocks corresponding to the target prediction image
from among macroblocks forming the reference frames on the basis of the motion vectors supplied from the lossless
decoding circuit 12, and extracts the determined macroblocks as motion compensation images. The motion prediction/
compensation circuit 21 determines a pixel value in a prediction image from pixel values in the motion compensation
images in accordance with the prediction mode, and outputs the prediction image whose pixel values have been deter-
mined to the adder circuit 15 via the switch 23.
[0061] The intra-prediction circuit 22 performs intra-prediction in accordance with the intra-prediction mode information
supplied from the lossless decoding circuit 12, and generates a prediction image. The intra-prediction circuit 22 outputs
the generated prediction image to the adder circuit 15 via the switch 23.
[0062] The switch 23 is connected to a terminal a2 in a case where a prediction image has been generated by the
motion prediction/compensation circuit 21, and is connected to a terminal b2 in a case where a prediction image has
been generated by the intra-prediction circuit 22. The switching of the switch 23 is also controlled by, for example, the
control circuit 31.
[0063] The control circuit 31 controls the overall operation of the decoding apparatus 1 by, for example, switching the
connection of the switches 20 and 23. The identification of the prediction method for the processing target image may
be performed by the control circuit 31.
[0064] Fig. 4 is a block diagram illustrating an example configuration of a main part of the lossless decoding circuit
12 in Fig. 3.
[0065] As illustrated in Fig. 4, the lossless decoding circuit 12 includes a prediction judgment circuit 41 and a decoding
processing circuit 42. The prediction judgment circuit 41 judges the prediction method for an image supplied from the
storage buffer 11. The prediction judgment circuit 41 identifies a prediction method on the basis of, for example, an
identification flag included in the header of the image to be decoded. Note that the prediction judgment circuit 41 may
of course identify a prediction method by analyzing a bit stream. In this case, an identification flag can be omitted, and
the amount of information of the compressed image information can be reduced.
[0066] In a case where it is judged that the image to be decoded is an intra-coded image, the prediction judgment
circuit 41 outputs intra-prediction mode information stored in the header of the image to the intra-prediction circuit 22.
Furthermore, in a case where it is judged that the image to be decoded is inter-coded information, the prediction judgment
circuit 41 outputs motion vectors and an identification flag that are stored in the header of the image to the motion
prediction/compensation circuit 21.
[0067] The prediction judgment circuit 41 further supplies the bit stream of the image for which the prediction method
has been judged to the decoding processing circuit 42. The decoding processing circuit 42 performs a decoding process
corresponding to the encoding scheme, such as a variable-length decoding process or an arithmetic decoding process,
on the image. The prediction judgment circuit 41 outputs a quantized transform coefficient, which is obtained by performing
the decoding process, to the dequantization circuit 13.
[0068] Fig. 5 is a block diagram illustrating an example configuration of a main part of the motion prediction/compen-
sation circuit in Fig. 3.
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[0069] As illustrated in Fig. 5, the motion prediction/compensation circuit 21 includes a prediction selection circuit 51,
a unidirectional prediction circuit 61, a bidirectional prediction circuit 62, an upconversion prediction circuit 63, and a
filtering prediction circuit 64. The motion vectors and identification flag supplied from the lossless decoding circuit 12
(prediction judgment circuit 41) are input to the prediction selection circuit 51.
[0070] The prediction selection circuit 51 selects a prediction mode in accordance with the identification flag supplied
from the prediction judgment circuit 41. In a case where it is determined that a prediction image is to be generated
through unidirectional prediction, the prediction selection circuit 51 outputs the motion vectors to the unidirectional
prediction circuit 61. Furthermore, in a case where it is determined that a prediction image is to be generated through
bidirectional prediction, the prediction selection circuit 51 outputs the motion vectors to the bidirectional prediction circuit
62. Moreover, in a case where it is determined that a prediction image is to be generated through upconversion prediction,
the prediction selection circuit 51 outputs an instruction therefor to the upconversion prediction circuit 63.
[0071] Furthermore, in a case where it is determined that a prediction image is to be generated through filtering
prediction, the prediction selection circuit 51 outputs the motion vectors to the filtering prediction circuit 64.
[0072] In this manner, in order to allow identification of filtering prediction, a value different from a value representing
unidirectional prediction, a value representing bidirectional prediction, and a value representing upconversion prediction
which are defined in the conventional standard can be set as the value of an identification flag.
[0073] The unidirectional prediction circuit 61 sets a plurality of frames located in one temporal direction in the en-
hancement layer as reference frames, and determines macroblocks in the reference frames corresponding to a prediction
image on the basis of the motion vectors. Furthermore, the unidirectional prediction circuit 61 generates a prediction
image by reading each of the determined macroblocks in the reference frames from the frame memory 19 as a motion
compensation image and by setting a pixel value in one of the motion compensation images as a pixel value in the
prediction image. The unidirectional prediction circuit 61 outputs the generated prediction image to the adder circuit 15.
Examples of the unidirectional prediction performed by the unidirectional prediction circuit 61 include unidirectional
prediction defined in the H.264/SVC standard (or H.264 standard).
[0074] The bidirectional prediction circuit 62 sets a plurality of frames located in temporal both directions in the en-
hancement layer as reference frames, and determines macroblocks in the reference frames corresponding to a prediction
image on the basis of the motion vectors. Furthermore, the bidirectional prediction circuit 62 generates a prediction
image by reading each of the determined macroblocks in the reference frames from the frame memory 19 as a motion
compensation image and by setting the average of pixel values in the read motion compensation images as a pixel value
of the prediction image. The bidirectional prediction circuit 62 outputs the generated prediction image to the adder circuit
15.
Examples of the bidirectional prediction performed by the bidirectional prediction circuit 62 include bidirectional prediction
defined in the H.264/SVC standard (or H.264 standard).
[0075] As illustrated in Fig. 1, the upconversion prediction circuit 63 sets the current frame in the base layer as a
reference frame. The upconversion prediction circuit 63 extracts a macroblock at the same position as the processing
target macroblock in the current frame in the enhancement layer from the reference frame in the base layer. That is to
say, the upconversion prediction circuit 63 reads the macroblock of the reference frame in the base layer, which corre-
sponds to the processing target macroblock, from the frame memory 19. The extracted macroblock is the macroblock
in the base layer, and therefore has a lower resolution than the processing target macroblock. The upconversion prediction
circuit 63 upconverts the extracted macroblock in the base layer to generate a prediction image of the processing target
macroblock.
[0076] The upconversion prediction circuit 63 outputs the generated prediction image to the adder circuit 15. Examples
of the bidirectional prediction performed by the upconversion prediction circuit 63 include upconversion prediction defined
in the H.264/SVC standard.
[0077] As illustrated in Fig. 2, the filtering prediction circuit 64 determines a plurality of frames located in one or both
temporal directions in the base layer as reference frames. Which frames are to be used as reference frames may be
determined in advance or may be specified by information transmitted from the encoding side together with an identifi-
cation flag. For example, the temporally preceding frame with respect to the current frame and the further preceding
frame, i.e., two frames, may be set as reference frames. Furthermore, for example, the temporally preceding and following
frames with respect to the current frame, i.e., two frames, may be set as reference frames. Of course, other frames may
be used as reference frames.
[0078] The filtering prediction circuit 64 determines macroblocks of the reference frames in the base layer determined
in the above manner, which correspond to a prediction image, on the basis of the motion vectors supplied from the
prediction selection circuit 51. The filtering prediction circuit 64 reads each of the determined macroblocks of the reference
frames, as a motion compensation image, from the frame memory 19. Note that motion vectors may be determined,
instead of in units of macroblocks of 16 x 16 pixels or the like, in units of blocks into which a macroblock is further divided.
[0079] The motion compensation images are images in the base layer, and therefore have a lower resolution than the
processing target macroblock in the enhancement layer. The filtering prediction circuit 64 performs filtering involving
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upconversion using the motion compensation images as the inputs, and outputs a prediction image obtained by performing
filtering to the adder circuit 15. The prediction image has been upconverted to the resolution of the macroblock in the
enhancement layer.
[0080] The filtering prediction circuit 64 outputs the generated prediction image to the adder circuit 15.
[0081] Fig. 6 is a block diagram illustrating an example configuration of a main part of the filtering prediction circuit 64
in Fig. 5. In the filtering prediction circuit 64 having the configuration in Fig. 6, filtering is performed on a signal in the
time domain.
[0082] As illustrated in Fig. 6, the filtering prediction circuit 64 includes an extraction circuit 71 and a filtering circuit
72. The extraction circuit 71 specifies reference frames in the base layer on the basis of the information supplied from
the prediction selection circuit 51, and extracts motion compensation images (for example, a motion compensation image
MC0 and a motion compensation image MC1) from the reference frames in the base layer.
[0083] One conceivable means for identifying a plurality of low-resolution images used for the present invention is to
utilize signals in the stream in the base layer without adding new signals.
[0084] That is, the method is that two images are used as the inputs for the subsequent filtering process, where the
first input is a decoded image spatially at the same position in a low-resolution image at the current time and the second
input is a temporally past or future low-resolution image that the image has used for temporal prediction.
[0085]  That is to say, in this case, the extraction circuit 71 extracts, as one motion compensation image, a macroblock
of the current frame in the base layer, which is at the same position as the processing target macroblock in the enhance-
ment layer, and further extracts another motion compensation image using a motion vector that has been used for the
decoding of the macroblock in the base layer. The advantage of this technique is that no addition of new signals to the
stream is advantageous in terms of encoding efficiency.
[0086] At this time, in a case where in a low-resolution image, information regarding a plurality of reference frames is
used for decoding, specifically, in a case where bidirectional prediction or the like is being performed, all the prediction
images may be used as the second and third inputs.
[0087] In general, the more the time information with high correlation is utilized, the higher the resolution can be
generated as a result of the subsequent filtering process. Thus, the above method is effective.
[0088] Moreover, in order to more accurately generate a high-resolution image through the filtering process, a method
for newly encoding one or a plurality of motion vectors can also be used.
[0089] That is to say, in this case, a new motion vector separate from motion vectors utilized for the decoding of the
base layer is encoded for the decoding of the enhancement layer. In this method, a new signal is added to the stream;
however, increasing the prediction accuracy for the enhancement layer makes it possible to reduce residual signals in
the enhancement layer. Thus, this method may be effective in terms of encoding efficiency.
[0090] The extraction circuit 71 specifies the motion compensation image MC0 and the motion compensation image
MC1 in the above way, and acquires information regarding them from the frame memory 19. The extraction circuit 71
supplies the extracted motion compensation image MC0 and motion compensation image MC1 to the filtering circuit 72.
[0091] The filtering circuit 72 performs filtering involving upconversion on the supplied motion compensation image
MC0 and motion compensation image MC1, and generates a prediction image. That is to say, the filtering circuit 72
performs a filtering process for compensating the plurality of motion compensation images extracted by the extraction
circuit 71 for high-frequency components utilizing the correlation in the time direction included in the motion compensation
images to generate a prediction image having a higher resolution than the motion compensation images. The prediction
image generated in this manner has been compensated for high-frequency components. Thus, the prediction accuracy
is improved. As a result, the encoding efficiency is improved.
[0092] As illustrated in Fig. 6, the filtering circuit 72 includes a difference calculation circuit 81, an upconversion circuit
82, a low-pass filter circuit 83, a gain adjustment circuit 84, a high-pass filter circuit 85, a gain adjustment circuit 86, an
adder circuit 87, an upconversion circuit 88, and an adder circuit 89.
[0093] The motion compensation image MC0 supplied from the extraction circuit 71 is input to the difference calculation
circuit 81 and the upconversion circuit 88, and the motion compensation image MC1 is input to the difference calculation
circuit 81.
[0094] In a case where a prediction image is to be generated through unidirectional prediction, for example, an image
extracted from the reference frame R0 close to the current frame, which can be considered to have higher correlation
than the prediction image, is used as the motion compensation image MC0, and an image extracted from the reference
frame R1 far from the current frame is used as the motion compensation image MC1. The image extracted from the
reference frame R0 may be designed to be used as the motion compensation image MC1, and the image extracted
from the reference frame R1 may be designed to be used as the motion compensation image MC0.
[0095] Furthermore, in a case where a prediction image is to be generated through bidirectional prediction, for example,
an image extracted from the preceding reference frame L0 is used as the motion compensation image MC0, and an
image extracted from the following reference frame L1 is used as the motion compensation image MC1. The image
extracted from the reference frame L0 may be designed to be used as the motion compensation image MC1, and the
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image extracted from the reference frame L1 may be designed to be used as the motion compensation image MC0.
[0096] The difference calculation circuit 81 calculates the difference between the motion compensation image MC0
and the motion compensation image MC1 using, for example, Equation (1) below, and outputs a difference image D to
the upconversion circuit 82.
[0097]

[0098] In Equation (1), (i, j) represents the relative position of a pixel in a motion compensation image. For example,
in a case where the process is configured to be performed in units of macroblocks of 16 x 16 pixels, 0 ≤ i ≤ 16 and 0 ≤
j ≤ 16 are set. This similarly applies to the following description.
[0099] The upconversion circuit 82 performs resolution conversion on the difference image D computed by the differ-
ence calculation circuit 81. The resolution conversion ratio is based on the ratio of the spatial resolution for the base
layer to that for the enhancement layer. For example, in a case where the resolution for the base layer is n x m [pixel]
(n and m are integers) and that for the enhancement layer is N x M [pixel] (N and M are integers, where N > n and M >
m), the magnification in the horizontal direction H_Scale and the magnification in the vertical direction V_Scale are given
by Equation (2) and Equation (3).
[0100]

[0101] The upconversion circuit 82 outputs a difference image D’ that has been subjected to resolution conversion
(has been upconverted) in this manner to the low-pass filter circuit 83.
[0102] The low-pass filter circuit 83 includes an FIR filter circuit. The low-pass filter circuit 83 applies a low-pass filter
to the difference image D’ supplied from the upconversion circuit 82, and outputs an obtained image to the gain adjustment
circuit 84 and the high-pass filter circuit 85. A difference image D" that is an image obtained by applying a low-pass filter
is represented by Equation (4) as follows.
[0103]

[0104] In Equation (4), LPF(X) represents the application of a low-pass filter to an input image X using a two-dimensional
FIR filter.
[0105] The gain adjustment circuit 84 adjusts the gain of the difference image D" supplied from the low-pass filter
circuit 83, and outputs the gain-adjusted image to the adder circuit 87. If 0 ≤ I ≤ 16 x H_Scale is set and if 0 ≤ J ≤ 16 x
V_Scale is set, an output image X(I, J) of the gain adjustment circuit 84 is represented by Equation (5) as follows.
[0106]

[0107] The high-pass filter circuit 85 includes an FIR filter circuit. The high-pass filter circuit 85 applies a high-pass
filter to the difference image D" supplied from the low-pass filter circuit 83, and outputs an obtained image to the gain
adjustment circuit 86. A difference image D"’ that is an image obtained by applying a high-pass filter is represented by
Equation (6) as follows.
[0108]
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[0109] In Equation (6), HPF(X) represents the performance of high-pass filtering process on the input image X using
a two-dimensional FIR filter.
[0110] The gain adjustment circuit 86 adjusts the gain of the difference image D"’ supplied from the high-pass filter
circuit 85, and outputs the gain-adjusted image to the adder circuit 87. An output image Y(I, J) of the gain adjustment
circuit 86 is represented by Equation (7) as follows.
[0111]

[0112] As the value of α in Equation (5) and the value β in Equation (7), for example, values such as α = 0.8 and β =
0.2 are selected. However, other values may be used in order to increase the accuracy of a prediction pixel. Furthermore,
the values may be adaptively changed in accordance with the characteristics of an input sequence or the like.
[0113] The adder circuit 87 adds the gain-adjusted image X(I, J) and image Y(I, J), and outputs an image obtained
by addition. An output image Z(I, J) of the adder circuit 87 is represented by Equation (8) as follows.
[0114]

[0115] The output image Z(I, J) is a representation of the high-frequency components of the image that can be deter-
mined from the difference, that is, the correlation, between the motion compensation image MC0 and the motion com-
pensation image MC1.
[0116]  The upconversion circuit 88 performs resolution conversion on the motion compensation image MC0. Similarly
to the case of the upconversion circuit 82, the resolution conversion ratio is based on the ratio of the spatial resolution
for the base layer to that for the enhancement layer. That is to say, the magnification in the horizontal direction H_Scale
and the magnification in the vertical direction V_Scale are given by Equation (2) and Equation (3) above. The upconversion
circuit 88 outputs an image A’ that is the motion compensation image MC0 subjected to resolution conversion (upcon-
verted) in the above manner to the adder circuit 89.
[0117] The adder circuit 89 adds the output image Z(I, J) supplied from the adder circuit 87 to the image A’ supplied
from the upconversion circuit 88, and outputs an obtained image to the adder circuit 15 as a prediction image. A prediction
image S(I, J) that is finally output from the adder circuit 89 is represented by Equation (9) as follows.
[0118]

[0119] In this manner, according to the filtering prediction mode, an image that represents the high-frequency com-
ponents and that is generated by upconverting an image in the base layer is added to an image obtained by upconverting
the motion compensation image MC0. Thereby, a prediction image is generated.
[0120] By generating a prediction image in the filtering prediction mode as above, the decoding apparatus 1 can obtain
a prediction image including more high-frequency components than a prediction image in upconversion prediction which
is obtained by upconverting the image of the current frame in the base layer. Furthermore, since filtering is performed
in the manner described above when a prediction image is generated from a plurality of motion compensation images,
the decoding apparatus 1 can obtain a prediction image including more high-frequency components than a prediction
image that simply has, as each pixel value, the average value of respective pixels of the plurality of motion compensation
images.
[0121] Moreover, the resolution of an image to be referred to is smaller than that for inter-prediction in which a prediction
image is generated by referring to frames in the enhancement layer. Accordingly, it is not necessary to save high-
resolution images in the enhancement layer in the frame memory 19 or to read them from the frame memory 19.
Furthermore, for example, like motion vectors, information at the time of decoding of the base layer can be utilized at
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the time of decoding of the enhancement layer. Thus, the amount of code for compressed image information can be
reduced. That is to say, the decoding apparatus 1 can improve compression efficiency.
[0122] In this manner, the decoding apparatus 1 can improve encoding efficiency while preventing an increase in load.

[Explanations of Flow of Decoding Process]

[0123] Next, the process of the decoding apparatus 1 having the above configuration will be explained. First, an
example of a flow of a decoding process for the enhancement layer will be explained with reference to a flowchart in
Fig. 7. Similarly to the case of the decoding process for the base layer, the decoding for the enhancement layer is also
basically performed using a method complying with the H.264 standard.
[0124] In this regard, the decoding process for the enhancement layer is largely different from the decoding process
for the base layer or the H.264 standard in that there is a mode in which the image in the base layer at the same time
is used to generate a prediction image. Moreover, in the case of the decoding process for the enhancement layer to
which the present invention is applied, a function for using a plurality of images in the base layer, which are temporally
at the same time as or different times from the current frame, for the decoding of the enhancement layer is added.
[0125] The process in Fig. 9 is started when, for example, an image of a certain size such as a macroblock of 16 x
16 pixels is read by the lossless decoding circuit 12 from the information stored in the storage buffer 11. The processing
of each step in Fig. 9 is performed, as appropriate, in parallel with the processing of another step or by reordering the
steps. This similarly applies to the processing of each step in each flowchart described below.
[0126] In step S1, the lossless decoding circuit 12 starts a lossless decoding process on an image read from the
storage buffer 11. The details of the lossless decoding process will be described below. The lossless decoding circuit
12 outputs a quantized transform coefficient, which is generated using a lossless decoding process, to the dequantization
circuit 13. Furthermore, the lossless decoding circuit 12 outputs intra-prediction mode information to the intra-prediction
circuit 22 in a case where the image to be decoded is an intra-coded image, and outputs motion vectors and an identi-
fication flag to the motion prediction/compensation circuit 21 in a case where the image is an inter-coded image in the
lossless decoding process.
[0127] In step S2, the dequantization circuit 13 performs dequantization using a scheme corresponding to the quan-
tization scheme used on the encoding side, and outputs the transform coefficient to the inverse orthogonal transform
circuit 14. In step S3, the inverse orthogonal transform circuit 14 performs the inverse orthogonal transform on the
transform coefficient supplied from the dequantization circuit 13, and outputs an obtained image to the adder circuit 15.
[0128] In step S4, the adder circuit 15 combines the decoded image supplied from the inverse orthogonal transform
circuit 14 and a prediction image supplied from the motion prediction/compensation circuit 21 or the intra-prediction
circuit 22, and outputs a composite image to the deblocking filter 16. In step S5, the deblocking filter 16 performs filtering
to remove block noise included in the composite image, and outputs an image from which block noise has been removed.
In step S6, the frame memory 19 temporarily stores the image supplied from the deblocking filter 16. Furthermore, at
this time, the image is also held in the rearrangement buffer 17.
[0129] In step S7, the control circuit 31 judges whether or not the foregoing process has been performed on the
macroblocks in one entire frame. In a case where it is judged that the process has not been performed, attention is
focused on another macroblock and the process from step S1 is repeatedly performed.
[0130] Furthermore, in a case where it is judged in step S7 that the process has been performed on the macroblocks
in one entire frame, the process proceeds to step S8. In step S8, the rearrangement buffer 17 outputs the generated
frame to the D/A converter circuit 18 in accordance with the control by the control circuit 31.
[0131] In step S9, the D/A converter circuit 18 performs D/A conversion on the frame supplied from the rearrangement
buffer 17, and outputs an analog signal to outside. The foregoing process is performed on each frame.
[0132] Next, an example of a flow of the lossless decoding process will be explained with reference to a flowchart in
Fig. 8.
[0133] When the lossless decoding process is started, in step S21, the prediction judgment circuit 41 refers to the
header of the compressed image information supplied from the storage buffer 11. In step S22, the prediction judgment
circuit 41 judges whether or not intra-prediction is to be performed on the basis of the information indicating a prediction
mode specified by the encoding apparatus, which is included in the header. In a case where an intra-prediction mode
has been specified by the encoding apparatus, the process proceeds to step S23.
[0134] In step S23, the intra-prediction circuit 22 performs intra-prediction to generate a prediction image, and supplies
the prediction image to the adder circuit 15. The prediction image is combined with the decoded image supplied from
the inverse orthogonal transform circuit 14 in step S4 in Fig. 7.
[0135] When the processing of step S23 is completed, the process proceeds to step S29. Furthermore, if it is judged
in step S22 that intra-prediction is not to be performed, the process proceeds to step S24.
[0136] In step S24, the prediction judgment circuit 41 judges whether or not upconversion prediction is to be performed
on the basis of the information indicating a prediction mode specified by the encoding apparatus, which is included in
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the header. In a case where an upconversion prediction mode has been specified by the encoding apparatus, the process
proceeds to step S25.
[0137] In step S25, the upconversion prediction circuit 63 of the motion prediction/compensation circuit 21 performs
upconversion prediction to generate a prediction image, and supplies the prediction image to the adder circuit 15. The
prediction image is combined with the decoded image supplied from the inverse orthogonal transform circuit 14 in step
S4 in Fig. 7.
[0138] When the processing of step S25 is completed, the process proceeds to step S29. Furthermore, in a case
where it is judged in step S24 that upconversion prediction is not to be performed, the process proceeds to step S26.
[0139] In step S26, the prediction judgment circuit 41 judges whether or not inter-prediction is to be performed on the
basis of the information indicating a prediction mode specified by the encoding apparatus, which is included in the header.
In a case where an inter-prediction mode has been specified by the encoding apparatus, the process proceeds to step S27.
[0140] In step S27, the unidirectional prediction circuit 61 or the bidirectional prediction circuit 62 of the motion pre-
diction/compensation circuit 21 performs inter-prediction (unidirectional prediction or bidirectional prediction) to generate
a prediction image, and supplies the prediction image to the adder circuit 15. The prediction image is combined with the
decoded image supplied from the inverse orthogonal transform circuit 14 in step S4 in Fig. 7.
[0141] When the processing of step S27 is completed, the process proceeds to step S29. Furthermore, in a case
where it is judged in step S26 that a filtering prediction mode has been specified by the encoding apparatus and that
inter-prediction is not to be performed, the process proceeds to step S28.
[0142] In step S28, the filtering prediction circuit 64 of the motion prediction/compensation circuit 21 performs filtering
prediction to generate a prediction image on the basis of the information indicating a filtering prediction mode, which is
included in the header, and supplies the prediction image to the adder circuit 15. The prediction image is combined with
the decoded image supplied from the inverse orthogonal transform circuit 14 in step S4 in Fig. 7. When the processing
of step S28 is completed, the process proceeds to step S29.
[0143] In step S29, the decoding processing circuit 42 decodes the residual signal of the compressed image information,
and outputs a quantized transform coefficient to the dequantization circuit 13. When the processing of step S29 is
completed, the lossless decoding process ends. Then, the process returns to step S1 in Fig. 7, and the processing after
step S2 is executed.
[0144] Note that it has been explained that a prediction mode is selected on the basis of the information included in
the header of the compressed image information to be referred to in step S21. However, this is not restrictive, and the
prediction judgment circuit 41 may be configured to be capable of selecting an appropriate prediction mode by, for
example, analyzing the bit stream of the compressed image information. In this case, in step S21, instead of referring
to the header, the prediction judgment circuit 41 analyzes the compressed image information, and selects a prediction
mode on the basis of the analysis result in the processing of step S22 and the subsequent steps.
[0145] Next, an example of a flow of the filtering prediction process executed in the processing of step S28 in Fig. 8
will be explained with reference to a flowchart in Fig. 9.
[0146] When the filtering prediction process is started, in step S41, the extraction circuit 71 extracts motion compen-
sation images from the current frame or reference frames from the base layer. In step S42, the difference calculation
circuit 81 calculates the difference between the motion compensation images. In step S43, the upconversion circuit 82
upconverts the difference between the motion compensation images computed in step S42. In step S44, the low-pass
filter circuit 83 applies a low-pass filter to the difference upconverted in step S43.
[0147] In step S45, the gain adjustment circuit 84 multiplies the output of the low-pass filter in the processing of step
S44 by a coefficient α to perform gain adjustment. In step S46, the high-pass filter circuit 85 applies a high-pass filter
to the output of the low-pass filter in the processing of step S44. In step S47, the gain adjustment circuit 86 multiplies
the output of the high-pass filter in the processing of step S46 by a coefficient β to perform gain adjustment.
[0148] In step S48, the adder circuit 87 adds the gain-adjusted output of the low-pass filter in the processing of step
S45 and the gain-adjusted output of the high-pass filter in the processing of step S47 to determine high-frequency
components.
[0149] In step S49, the upconversion circuit 88 upconverts the motion compensation image MC0 extracted from the
base layer. In step S50, the adder circuit 89 adds the high-frequency components determined in step S48 to the motion
compensation image upconverted in step S49 to generate a prediction image. The adder circuit 89 supplies the generated
prediction image to the adder circuit 15.
[0150] When the processing of step S50 is completed, the filtering prediction process ends. Then, the process returns
to step S28 in Fig. 8, and the processing after step S29 is executed.
[0151] As above, decoding is performed using a prediction image generated through filtering prediction, thus making
it possible to obtain a high-definition decoded image without increasing the process load. That is to say, the decoding
apparatus 1 can improve encoding efficiency while preventing an increase in load.
[0152] Note that it has been explained that the decoding of the base layer and the decoding of the enhancement layer
are performed by the same decoding apparatus 1. However, this is not restrictive, and the decoding of both layers may



EP 2 400 760 A1

15

5

10

15

20

25

30

35

40

45

50

55

be performed by different decoding apparatuses 1. In this regard, also in this case, the frame memory 19 is common to
all the decoding apparatuses, and a frame in the base layer can be configured to be read at the time of decoding of the
enhancement layer.

<2. Second Embodiment>

[Configuration of Encoding Apparatus]

[0153] Fig. 10 is a block diagram illustrating an example configuration of a main part of an encoding apparatus to
which the present invention is applied. The encoding apparatus 101 is an encoding apparatus corresponding to the
decoding apparatus 1 in Fig. 3. That is to say, compressed image information obtained by performing encoding by the
encoding apparatus 101 is input to the decoding apparatus 1 in Fig. 3.
[0154] The encoding apparatus 101 includes an A/D converter circuit 111, a rearrangement buffer 112, an adder circuit
113, an orthogonal transform circuit 114, a quantization circuit 115, a lossless encoding circuit 116, and a storage buffer
117. The encoding apparatus 101 further includes a rate control circuit 118, a dequantization circuit 119, an inverse
orthogonal transform circuit 120, a deblocking filter 121, a frame memory 122, and a mode determination circuit 123.
Moreover, the encoding apparatus 101 includes a switch 124, a motion prediction/compensation circuit 125, an intra-
prediction circuit 126, a switch 127, and a control circuit 131.
[0155] Image information is divided into two layers (or multiple layers more than two layers), i.e., a low-resolution base
layer and a high-resolution enhancement layer, and image information on each frame in the low-resolution base layer
is earlier supplied to the encoding apparatus 101 and is encoded. The encoding of the base layer is performed in a
manner similar to that in the case of the H.264 standard. When the encoding of the base layer is completed, image
information in the enhancement layer is encoded by the encoding apparatus 101. The encoding of the enhancement
layer will be explained hereinafter.
[0156] The A/D converter circuit 111 performs A/D conversion on an input signal, and outputs an image to the rear-
rangement buffer 112. The rearrangement buffer 112 rearranges frames in accordance with the GOP (Group of Pictures)
structure of the compressed image information, and outputs an image of a certain unit such as a macroblock. The image
output from the rearrangement buffer 112 is supplied to the adder circuit 113, the mode determination circuit 123, the
motion prediction/compensation circuit 125, and the intra-prediction circuit 126.
[0157] The adder circuit 113 determines the difference between the image supplied from the rearrangement buffer
112 and a prediction image generated by the motion prediction/compensation circuit 125 or the intra-prediction circuit
126 and supplied via the switch 127, and outputs a residual to the orthogonal transform circuit 114. The closer the
prediction image is to an original image and the smaller the number of residuals determined here is, the smaller the
amount of code to be assigned to the residuals is and therefore the higher the encoding efficiency can be said to be.
[0158] The orthogonal transform circuit 114 performs the orthogonal transform, such as the discrete cosine transform
or Karhunen-Loève transform, on the residual supplied from the adder circuit 113, and outputs a transform coefficient
obtained by performing the orthogonal transform to the quantization circuit 115.
[0159] The quantization circuit 115 quantizes the transform coefficient supplied from the orthogonal transform circuit
114 in accordance with the control by the rate control circuit 118, and outputs the quantized transform coefficient. The
transform coefficient quantized by the quantization circuit 115 is supplied to the lossless encoding circuit 116 and the
dequantization circuit 119.
[0160] The lossless encoding circuit 116 compresses the transform coefficient supplied from the quantization circuit
115 by performing lossless encoding such as variable-length encoding or arithmetic encoding, and outputs information
to the storage buffer 117.
[0161] Furthermore, the lossless encoding circuit 116 sets the value of an identification flag in accordance with the
information supplied from the mode determination circuit 123, and describes the identification flag in the header of the
image. As described above, the decoding apparatus 1 determines a prediction mode on the basis of the identification
flag described by the lossless encoding circuit 116.
[0162] The lossless encoding circuit 116 also describes the information supplied from the motion prediction/compen-
sation circuit 125 or the intra-prediction circuit 126 in the header of the image. Motion vectors and the like that are
detected when inter-prediction is performed are supplied from the motion prediction/compensation circuit 125, and the
information regarding the intra-prediction mode applied is supplied from the intra-prediction circuit 126.
[0163] The storage buffer 117 temporarily stores the information supplied from the lossless encoding circuit 116, and
outputs it as compressed image information at a certain timing. The storage buffer 117 outputs information about the
amount of code produced to the rate control circuit 118.
[0164] The rate control circuit 118 computes a quantization scale on the basis of the amount of code output from the
storage buffer 117, and controls the quantization circuit 115 so that the quantization can be performed with the computed
quantization scale.
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[0165] The dequantization circuit 119 performs dequantization on the transform coefficient quantized by the quanti-
zation circuit 115, and outputs the transform coefficient to the inverse orthogonal transform circuit 120.
[0166] The inverse orthogonal transform circuit 120 performs the inverse orthogonal transform on the transform co-
efficient supplied from the dequantization circuit 119, and outputs an obtained image to the deblocking filter 121.
[0167] The deblocking filter 121 removes block noise that appears in a locally decoded image, and outputs an image
from which the block noise has been removed to the frame memory 122.
[0168] The frame memory 122 stores the image supplied from the deblocking filter 121. The image stored in the frame
memory 122 is read by a mode determination circuit 123 as appropriate.
[0169] The mode determination circuit 123 determines whether intra-coding is to be performed or inter-coding is to
be performed, on the basis of the image stored in the frame memory 122 and the original image supplied from the
rearrangement buffer 112. Furthermore, in a case where it is judged that inter-coding is to be performed, the mode
determination circuit 123 determines one mode among the unidirectional prediction mode, the bidirectional prediction
mode, the upconversion prediction mode, and the filtering prediction mode. The mode determination circuit 123 outputs
information indicating the determination result to the lossless encoding circuit 116 as mode information.
[0170] In a case where it is judged that inter-coding is to be performed, the mode determination circuit 123 outputs
frames that are stored in the frame memory 122 and that are obtained through local decoding to the motion prediction/
compensation circuit 125 via the switch 124.
[0171] Furthermore, in a case where it is judged that intra-coding is to be performed, the mode determination circuit
123 outputs frames that are stored in the frame memory 122 and that are obtained through local decoding to the intra-
prediction circuit 126.
[0172] The switch 124 is connected to a terminal a11 in a case where inter-coding is to be performed, and is connected
to a terminal b11 in a case where intra-coding is to be performed. The switching of the switch 124 is controlled by, for
example, the control circuit 131.
[0173] The motion prediction/compensation circuit 125 detects motion vectors on the basis of the original image
supplied from the rearrangement buffer 112 and reference frames read from the frame memory 122, and outputs the
detected motion vectors to the lossless encoding circuit 116. Furthermore, the motion prediction/compensation circuit
125 generates a prediction image by performing motion compensation using the detected motion vectors and the ref-
erence frames, and outputs the generated prediction image to the adder circuit 113 via the switch 127.
[0174] The intra-prediction circuit 126 performs intra-prediction on the basis of the original image supplied from the
rearrangement buffer 112 and a reference frame locally decoded and stored in the frame memory 122, and generates
a prediction image. The intra-prediction circuit 126 outputs the generated prediction image to the adder circuit 113 via
the switch 127, and outputs intra-prediction mode information to the lossless encoding circuit 116.
[0175] The switch 127 is connected to a terminal a12 or a terminal b12, and outputs a prediction image generated by
the motion prediction/compensation circuit 125 or the intra-prediction circuit 126 to the adder circuit 113.
[0176] The control circuit 131 controls the overall operation of the encoding apparatus 101 by, for example, switching
the connection of the switches 124 and 127 in accordance with the mode determined by the mode determination circuit
123.
[0177] Fig. 11 is a block diagram illustrating an example configuration of a main part of the mode determination circuit
123 in Fig. 10.
[0178] As illustrated in Fig. 11, the mode determination circuit 123 includes an intra-prediction circuit 141, a unidirec-
tional prediction circuit 142, a bidirectional prediction circuit 143, an upconversion prediction circuit 144, a filtering
prediction circuit 145, a prediction error calculation circuit 146, and a determination circuit 147.
[0179] In the mode determination circuit 123, each of intra-prediction and inter-prediction is performed on a block
having a different size, and which prediction mode prediction is to be performed in is determined from the obtained result.
As for inter-prediction, the processing is performed in each of the prediction modes, i.e., the unidirectional prediction
mode, the bidirectional prediction mode, the upconversion prediction mode, and the filtering prediction mode.
[0180] The intra-prediction circuit 141, the unidirectional prediction circuit 142, the bidirectional prediction circuit 143,
the upconversion prediction circuit 144, and the filtering prediction circuit 145 perform prediction using the individual
methods to generate prediction images on the basis of the original image and images read from the frame memory 122,
and output the generated prediction images to the prediction error calculation circuit 146.
[0181] The intra-prediction circuit 141 performs intra-prediction using a method similar to that of the intra-prediction
circuit 22 of the decoding apparatus 1. The unidirectional prediction circuit 142 detects motion vectors, extracts motion
compensation images from reference frames on the basis of the detected motion vectors, and performs unidirectional
prediction using the motion compensation images to generate a prediction image. That is to say, the unidirectional
prediction circuit 142 generates a prediction image using a method similar to that of the unidirectional prediction circuit
61 of the decoding apparatus 1 on the basis of the detected motion vectors.
[0182] The bidirectional prediction circuit 143 detects motion vectors, extracts motion compensation images from the
reference frames on the basis of the detected motion vectors, and performs bidirectional prediction using the motion
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compensation images to generate a prediction image. That is to say, the bidirectional prediction circuit 143 generates
a prediction image using a method similar to that of the bidirectional prediction circuit 62 of the decoding apparatus 1
on the basis of the detected motion vectors.
[0183] The upconversion prediction circuit 144 sets a macroblock of the current frame in the base layer, which is at
the same position as the processing target macroblock of the current frame in the enhancement layer, as a motion
compensation image, and upconverts the motion compensation image to generate a prediction image in the enhancement
layer. That is to say, the upconversion prediction circuit 144 generates a prediction image using a method similar to that
of the upconversion prediction circuit 63 of the decoding apparatus 1.
[0184] The filtering prediction circuit 145 detects motion vectors in the base layer, extracts motion compensation
images in the base layer from the reference frames on the basis of the detected motion vectors, and performs filtering
prediction using the motion compensation images in the base layer to generate a prediction image. That is to say, the
filtering prediction circuit 145 generates a prediction image using a method similar to that of the filtering prediction circuit
145 of the decoding apparatus 1 on the basis of the detected motion vectors.
[0185] Note that the intra-prediction circuit 141 to the filtering prediction circuit 145 detect motion vectors or perform
prediction in units of, for example, blocks of 4 x 4 pixels, blocks of 8 x 8 pixels, and blocks of 16 x 16 pixels. The size of
the block that serves as the unit of processing is arbitrary. Furthermore, the number of types of blocks on which prediction
is to be performed is also arbitrary. The intra-prediction circuit 141 to the filtering prediction circuit 145 generate prediction
images for each block, and output the generated individual prediction images to the prediction error calculation circuit 146.
[0186] The original image supplied from the rearrangement buffer 112 is input to the intra-prediction circuit 141 to the
filtering prediction circuit 145 and to the prediction error calculation circuit 146.
[0187] The prediction error calculation circuit 146 determines the difference between each of the prediction images
supplied from the respective circuits in the intra-prediction circuit 141 and the original image, and outputs residual signals
representing the determined differences to the determination circuit 147. Similarly, the prediction error calculation circuit
146 determines the difference between each of the prediction images supplied from the unidirectional prediction circuit
142, the bidirectional prediction circuit 143, the upconversion prediction circuit 144, and the filtering prediction circuit
145 and the original image, and outputs residual signals representing the determined differences to the determination
circuit 147.
[0188] The determination circuit 147 measures the intensities of the residual signals supplied from the prediction error
calculation circuit 146, and determines, as a prediction method for generating a prediction image to be used for encoding,
a prediction method that has been used to generate a prediction image having a small difference from the original image.
The determination circuit 147 outputs information representing the determination result to the lossless encoding circuit
116 as mode information. The mode information also includes information representing the size of a block to be used
as the unit of processing, and the like.
[0189] Furthermore, in a case where it is determined that a prediction image is to be generated through inter-prediction
(in a case where it is determined that inter-coding is to be performed), the determination circuit 147 outputs reference
frames read from the frame memory 122, together with the mode information, to the motion prediction/compensation
circuit 125. In a case where it is determined that a prediction image is to be generated through intra-prediction (in a case
where it is determined that intra-coding is to be performed), the determination circuit 147 outputs an image used for
intra-prediction, which is read from the frame memory 122, to the intra-prediction circuit 126 together with the mode
information.
[0190] Fig. 12 is a block diagram illustrating an example configuration of a main part of the motion prediction/com-
pensation circuit 125 in Fig. 10.
[0191] As illustrated in Fig. 12, the motion prediction/compensation circuit 125 includes a motion vector detection
circuit 151, a unidirectional prediction circuit 152, a bidirectional prediction circuit 153, an upconversion prediction circuit
154, and a filtering circuit 155. The motion prediction/compensation circuit 125 has a similar configuration to the motion
prediction/compensation circuit 21 illustrated in Fig. 5, except that the motion vector detection circuit 151 is provided in
place of the prediction selection circuit 51.
[0192] The motion vector detection circuit 151 detects motion vectors by performing block matching or the like on the
basis of the original image supplied from the rearrangement buffer 112 and reference frames supplied from the mode
determination circuit 123. The motion vector detection circuit 151 refers to the mode information supplied from the mode
determination circuit 123, and outputs the reference frames to one of the unidirectional prediction circuit 152 to the
filtering prediction circuit 155. Furthermore, the motion vector detection circuit 151 also outputs the motion vectors to
the destination to which the reference frames are to be output, as necessary.
[0193] The motion vector detection circuit 151 outputs the motion vectors, together with the reference frames, to the
unidirectional prediction circuit 152 in a case where unidirectional prediction has been selected, and outputs these pieces
of information to the bidirectional prediction circuit 153 in a case where it has been selected that bidirectional prediction
is to be performed. Furthermore, in a case where upconversion prediction has been selected, the motion vector detection
circuit 151 outputs the image of the current frame in the base layer, which is a reference frame, to the upconversion
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prediction circuit 154. Moreover, in a case where filtering prediction has been selected, the motion vector detection circuit
151 outputs the motion vectors, together with the reference frames in the base layer, to the filtering prediction circuit 155.
[0194] The unidirectional prediction circuit 152 generates a prediction image by, similarly to the unidirectional prediction
circuit 61 in Fig. 5, performing unidirectional prediction. The unidirectional prediction circuit 152 outputs the generated
prediction image to the adder circuit 113. The bidirectional prediction circuit 153 generates a prediction image by, similarly
to the bidirectional prediction circuit 62 in Fig. 5, performing bidirectional prediction. The bidirectional prediction circuit
153 outputs the generated prediction image to the adder circuit 113. The upconversion prediction circuit 154 generates
a prediction image by, similarly to the upconversion prediction circuit 63 in Fig. 5, performing upconversion prediction.
The upconversion prediction circuit 154 outputs the generated prediction image to the adder circuit 113.
[0195] The filtering prediction circuit 155 generates a prediction image by, similarly to the filtering prediction circuit 64
in Fig. 5, extracting a motion compensation image from each of a plurality of reference frames in the base layer and
performing filtering prediction involving upconversion on the plurality of extracted motion compensation images. The
filtering prediction circuit 155 outputs the generated prediction image to the adder circuit 113. Note that the filtering
prediction circuit 155 has a configuration similar to the configuration of the filtering prediction circuit 64 illustrated in Fig.
6. Hereinafter, the configuration of the filtering prediction circuit 155 will be explained by referring to the configuration of
the filtering prediction circuit 64 illustrated in Fig. 6, as appropriate.
[0196] The prediction image generated through filtering prediction may be an image that includes more high-frequency
components than a prediction image generated through unidirectional prediction, bidirectional prediction, or upconversion
prediction and that has a small difference from the original image. Therefore, filtering prediction requires only a small
amount of code to be assigned to residuals, thus making it possible to increase encoding efficiency. Furthermore, in
filtering prediction, the resolution of reference frames is lower than that in the case of unidirectional prediction or bidi-
rectional prediction in which frames in the enhancement layer are referred to, resulting in a small load of processes such
as saving reference frames in the frame memory 122 and reading reference frames from the frame memory 122. That
is to say, with the use of filtering prediction, the encoding apparatus 101 can improve encoding efficiency while preventing
an increase in the load of encoding or decoding.
[0197] Moreover, filtering prediction can be performed using at least two reference frames. Thus, such an increase
in encoding efficiency is made feasible without increasing the complexity of processing. The residual from the original
image can be reduced and the encoding efficiency can be increased by, for example, increasing the number of reference
frames to be used in inter-prediction to generate a high-accuracy prediction image and by using it. However, in this case,
the number of reference frames used increases, and the complexity of processing increases.
[0198] Note that when a prediction method is selected, an optimum prediction method may be selected by taking into
account the amount of code for information such as motion vectors necessary for prediction and an encoding mode and
by adding a weight corresponding to the amount of code to the intensity of a residual signal. This makes it possible to
further improve encoding efficiency. Furthermore, for a simplified encoding process, a prediction method may be adap-
tively selected utilizing feature values of an input original image in the time and spatial directions.

[Explanation of Flow of Encoding Process]

[0199] Next, the process of the encoding apparatus 101 having the above configuration will be explained.
[0200] An encoding process for the enhancement layer, which is performed by the encoding apparatus 101, will be
explained with reference to a flowchart in Fig. 13. This process is started when an image of a certain unit such as a
macroblock is output from the rearrangement buffer 112. Note that, as described above, the encoding process for the
base layer is similar to the method based on the H.264 requirements and the explanation thereof is thus omitted.
[0201] In step S101, the adder circuit 113 determines the difference between an image supplied from the rearrangement
buffer 112 and a prediction image generated by the motion prediction/compensation circuit 125 or the intra-prediction
circuit 126, and outputs the residual to the orthogonal transform circuit 114.
[0202] In step S102, the orthogonal transform circuit 114 performs the orthogonal transform on the residual supplied
from the adder circuit 113, and outputs a transform coefficient to the quantization circuits 115.
[0203] In step S103, the quantization circuit 115 quantizes the transform coefficient supplied from the orthogonal
transform circuit 114, and outputs the quantized transform coefficient.
[0204] In step S104, the dequantization circuit 119 performs dequantization on the transform coefficient quantized by
the quantization circuit 115, and outputs the transform coefficient to the inverse orthogonal transform circuit 120.
[0205] In step S105, the inverse orthogonal transform circuit 120 performs the inverse orthogonal transform on the
transform coefficient supplied from the dequantization circuit 119, and outputs an obtained image to the deblocking filter
121.
[0206] In step S106, the deblocking filter 121 removes block noise by performing filtering, and outputs an image from
which the block noise has been removed to the frame memory 122.
[0207] In step S107, the frame memory 122 stores the image supplied from the deblocking filter 121.
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[0208] In step S108, the mode determination circuit 123 performs a mode determination process. With the mode
determination process, which prediction mode a prediction image is to be generated in is determined. The details of the
mode determination process will be described below.
[0209] In step S109, the motion prediction/compensation circuit 125 or the intra-prediction circuit 126 generates a
prediction image in the mode determined in step S108. This prediction image is utilized in the processing of step S101.
[0210] In step S110, the lossless encoding circuit 116 compresses the transform coefficient supplied from the quan-
tization circuit 115, and outputs the compressed transform coefficient to the storage buffer 117. Furthermore, the lossless
encoding circuit 116 describes an identification flag in the header of the image or describes motion vectors supplied
from the motion prediction/compensation circuit 125 in the header of the image in accordance with the information
supplied from the mode determination circuit 123.
[0211] In step S111, the storage buffer 117 temporarily stores the information supplied from the lossless encoding
circuit 116.
[0212] In step S112, the control circuit 31 judges whether or not the foregoing process has been performed on the
macroblocks in one entire frame. In a case where it is judged that the process has not been performed, attention is
focused on another macroblock and the process from step S101 is repeatedly performed.
[0213] In contrast, in a case where it is judged in step S112 that the process has been performed on the macroblocks
in one entire frame, then, in step S113, the storage buffer 117 outputs compressed image information in accordance
with the control by the control circuit 131. The foregoing process is performed on each frame.
[0214] Next, the mode determination process performed in step S108 of Fig. 13 will be explained with reference to a
flowchart of Fig. 14.
[0215] In step S131, each of the intra-prediction circuit 141 to the filtering prediction circuit 145 performs intra-prediction
or inter-prediction on a block having a different dimension, and generates a prediction image. The generated prediction
images are supplied to the prediction error calculation circuit 146.
[0216] In step S132, the prediction error calculation circuit 146 determines the difference between the original image
and each of the prediction images supplied from the intra-prediction circuit 141 to the filtering prediction circuit 145. The
prediction error calculation circuit 146 outputs residual signals to the determination circuit 147.
[0217] In step S133, the determination circuit 147 determines a prediction method for generating a prediction image
to be supplied to the adder circuit 113 on the basis of the intensities of the residual signals supplied from the prediction
error calculation circuit 146.
[0218] In step S134, the determination circuit 147 outputs mode information that is information regarding the determined
prediction method to the lossless encoding circuit 116. After that, the process returns to step S108 of Fig. 13, and the
subsequent processing is performed.
[0219] Next, an example of a flow of a filtering prediction process for generating a prediction image by performing
filtering prediction will be explained with reference to a flowchart in Fig. 15 as an example of a process for generating a
prediction image performed in step S109 in Fig. 13.
[0220] As described above, in step S109 in Fig. 13, a prediction image is generated using the mode determined in
the mode determination process of step S108. Accordingly, in a case where a filtering prediction mode is determined in
step S108, in step S109, a filtering prediction process as illustrated in Fig. 15 is executed.
[0221] When the filtering prediction process is started, in step S151, the motion vector detection circuit 151 detects
motion vectors on the basis of the original image and the reference frames.
[0222] When motion vectors are detected, the processing of steps S152 to S161 is executed using the detected motion
vectors in a manner similar to that of the processing of steps S41 to S50 in Fig. 9, respectively. That is to say, motion
compensation images are generated in the reference frames in the base layer on the basis of the motion vectors, and
a filtering process involving upconversion is performed on the motion compensation images to generate a prediction
image in the enhancement layer.
[0223] When the processing of step S161 is completed, the filtering prediction process ends. Then, the process returns
to step S109 in Fig. 13, and the processing after step S110 is executed.
[0224] Note that in a case where a different mode is selected in the processing of step S108, the motion prediction/
compensation circuit 125 or the intra-prediction circuit 126 generates a prediction image using the selected different
mode. The above processes are performed in accordance with the H.264/SVC standard, and the explanation thereof is
thus omitted.
[0225] As above, encoding that takes spatial scalability into account is performed by more efficiently utilizing the
temporal correlation included in a signal sequence in a moving image, thus enabling, for example, improvement in
encoding efficiency while preventing an increase in load of processes such as encoding and decoding.
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<3. Third Embodiment>

[Overview of Decoding Process]

[0226] Fig. 16 is a diagram explaining another example of the overview of the decoding process to which the present
invention is applied. As illustrated in Fig. 16, the number of reference frames may be three or more.
[0227] In the example in Fig. 16, the temporally preceding frame with respect to the current frame, the further preceding
frame, and the still further preceding frame, i.e., three frames (Ref0, Ref1, Ref2), are set as reference frames. The
preceding frame with respect to the current frame is set as the reference frame Ref0, the preceding frame with respect
to the reference frame Ref0 is set as the reference frame Ref1, and the preceding frame with respect to the reference
frame Ref1 is set as the reference frame Ref2.

[Configuration of Filtering Circuit]

[0228] Fig. 17 is a block diagram illustrating an example configuration of the filtering circuit in Fig. 6 in such a case
where three frames are referred to.
[0229] As illustrated in Fig. 17, a filtering circuit 211 includes a filtering circuit 221 and a filtering circuit 222. Each of
the filtering circuit 221 and the filtering circuit 222 has the configuration as illustrated in Fig. 6. That is, the filtering circuit
211 is configured to operate as a three-input and one-output circuit by connecting, in cascade, filtering circuits 72 used
for the two-input and one-output design.
[0230] Note that, at this time, the extraction circuit 71 extracts a motion compensation image from each of the three
reference frames (Ref0, Ref1, Ref2). That is to say, for example, the extraction circuit 71 extracts a motion compensation
image MC0 from the reference frame Ref0. Furthermore, for example, the extraction circuit 71 extracts a motion com-
pensation image MC1 from the reference frame Ref1 Moreover, for example, the extraction circuit 71 extracts a motion
compensation image MC2 from the reference frame Ref2.
[0231] The motion compensation images MC1 and MC2 are input to the filtering circuit 221, and the motion compen-
sation image MC0 is input to the filtering circuit 222.
[0232] The filtering circuit 221 performs filtering using the motion compensation images MC1 and MC2 as the motion
compensation images MC0 and MC1, respectively, in Fig. 6 and the like, and an intermediate output X that is the result
of filtering is output to the filtering circuit 222.
[0233] The filtering circuit 221 performs filtering using the intermediate output X and the motion compensation image
MC0 as the motion compensation images MC0 and MC1, respectively, in Fig. 6 and the like, and the result of filtering
is output as a prediction image.
[0234] The filtering circuit 211 that handles such three reference frames, in place of the filtering circuit 72, can also
be provided in the decoding apparatus 1 in Fig. 3 or the encoding apparatus 101 in Fig. 10.
[0235] Note that the filtering circuit 221 and the filtering circuit 222 may not necessarily have the same configuration,
and may have different configurations. Furthermore, parameters (for example, α, β used for the filters can also be made
different from each other by taking into account the input/output characteristics obtained before and after filtering.
[0236] The filtering circuit 211 may perform filtering not on motion compensation images extracted from reference
frames located in one temporal direction but on motion compensation images extracted from three reference frames
located in the forward and backward directions.
[0237] Note that in a case where the preceding and following frames with respect to the time of the current frame are
used as reference frames, a parameter such as a tap coefficient during filtering may be dynamically changed in accordance
with the time direction or the distance of the reference frames.
[0238] Compressed image information is transmitted from the encoding apparatus 101 to the decoding apparatus 1
via various media including recording media such as an optical disk, a magnetic disk, and a flash memory, satellite
broadcasting, cable TV, the Internet, and a mobile phone network.
[0239] Note that it has been explained that in the case of encoding and decoding of the enhancement layer, motion
compensation images are extracted from reference frames in the base layer. However, motion compensation images
may be extracted from an arbitrary layer other than the base layer.
[0240] For example, it is assumed that compressed image information forms a three-layer structure having a first layer
to a third layer, where the first layer is the base layer that is a layer having the lowest resolution, the second layer is a
layer having the next lowest resolution, and the third layer is a layer having the highest resolution. In this case, in filtering
prediction for the third layer, motion compensation images may be extracted from reference frames in the second layer
that is not the base layer. Of course, motion compensation images may be extracted from reference frames in the first
layer that is the base layer.
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<4. Fourth Embodiment>

[Overview of Decoding Process]

[0241] Furthermore, motion compensation images may also be extracted from reference frames in the same layer as
that in which a prediction image is to be generated. For example, in the case of the three-layer structure described
above, in filtering prediction for the third layer, low-resolution motion compensation images may be extracted from
reference frames in the third layer.
[0242] Fig. 18 is a diagram explaining an overview of a decoding process in this case.
[0243] In the case of the example illustrated in Fig. 18, the reference frame Ref0 and the reference frame Ref1 are
frames in an enhancement layer that is the same as that of a prediction image. In this regard, the resolutions of motion
compensation images extracted from the respective reference frames are lower than the resolution of the prediction
image.
[0244]  For example, similarly to the conventional method complying with the H.264 standard, the positions (ranges)
corresponding to the processing target macroblock in reference frames in the enhancement layer are specified by motion
vectors, pixel values in the ranges are decimated by a certain number, and motion compensation images are extracted.
Furthermore, for example, similarly to the conventional method complying with the H.264 standard, the positions corre-
sponding to the processing target macroblock in reference frames in the enhancement layer are specified by motion
vectors, and ranges that are centered on the positions and that are smaller than the size of the processing target
macroblock are extracted as motion compensation images. Of course, any other method may be used.
[0245] That is to say, the resolutions of motion compensation images to be extracted may be lower than the resolution
of a prediction image, and the extraction method therefor is arbitrary. Furthermore, motion compensation images may
be extracted from any layer.
[0246] The low-resolution motion compensation images extracted in this manner are subjected to a filtering process
including upconversion in a manner similar to that in the other case described above, and a prediction image having a
desired resolution is generated.
[0247] The layer from which motion compensation images are to be generated is merely different, and the configuration
of the encoding apparatus 1 in this case is basically similar to the configuration in the case explained with reference to
Figs. 3 to 6. In this regard, the frame memory 19 holds frames in the enhancement layer, and the extraction circuit 71
reads images in the enhancement layer from the frame memory 19.

[Explanation of Flow of Decoding Process]

[0248] Accordingly, a flow of a decoding process and a lossless decoding process is also executed in a manner
basically similar to that in the case explained with reference to the flowcharts in Figs. 7 and 8. A flow of a filtering prediction
process performed by the filtering prediction circuit 64 in this case will be explained with reference to a flowchart in Fig.
19. This flowchart corresponds to the flowchart in Fig. 9.
[0249] When the filtering prediction process is started, in step S341, the extraction circuit 71 extracts motion compen-
sation images at a low resolution from reference frames in the enhancement layer. The processing of steps S342 to
S350 is executed in a manner similar to that in the processing of steps S42 to S50 in Fig. 9, respectively, and a prediction
image is generated in a manner similar to that in the case of Fig. 9.
[0250] When the processing of step S350 is completed, the filtering prediction process ends. Then, the process returns
to step S28 in Fig. 8, and the process proceeds to step S29.
[0251] In this manner, even in a case where motion compensation images are extracted from frames in the enhance-
ment layer, the decoding apparatus 1 can generate a high-resolution and high-accuracy prediction image by more
efficiently utilizing the temporal correlation included in a signal sequence in a moving image, and can improve encoding
efficiency. Furthermore, since motion compensation images can be made to have a lower resolution than a prediction
image, for example, the decoding apparatus 1 can reduce the amount of image information to be read from a frame
memory, and can improve encoding efficiency while preventing an increase in load of processes such as encoding and
decoding.

[Explanation of Flow of Encoding Process]

[0252] Note that the configuration of the encoding apparatus 101 corresponding to the decoding apparatus 1 in this
case is basically similar to that in the case explained with reference to Figs. 10 to 12. In this regard, the frame memory
122 holds frames in the enhancement layer, and the mode determination process 123 reads images in the enhancement
layer from the frame memory 19.
[0253] Even in this case, similarly to the case of Figs. 11 and 12, the configuration of the filtering prediction circuit 145
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of the mode determination process 123 and the filtering prediction circuit 155 of the motion prediction/compensation
circuit 125 is also similar to the configuration of the filtering prediction circuit 64 illustrated in Fig. 6. In this regard, similarly
to the case of the decoding apparatus 1, the extraction circuit 71 extracts motion compensation images from frames in
the enhancement layer.
[0254] Accordingly, the flow of the encoding process or the mode determination process is executed in a manner
basically similar to that in the case explained with reference to the flowcharts in Figs. 13 and 14. A flow of a filtering
prediction process performed by the filtering prediction circuit 155 in this case will be explained with reference to a
flowchart in Fig. 20. This flowchart corresponds to the flowchart in Fig. 15.
[0255] When the filtering prediction process is started, in step S451, similarly to the case of step S151 in Fig. 15, the
motion vector detection circuit 151 detects motion vectors. In step S452, the extraction circuit 71 extracts motion com-
pensation images at a low resolution from reference frames in the enhancement layer. The processing of steps S453
to S461 is executed in a manner similar to the processing of steps S153 to S161 in Fig. 15, respectively, and a prediction
image is generated in a manner similar to that in Fig. 15.
[0256] When the processing of step S461 is completed, the filtering prediction process ends. Then, the process returns
to step S109 in Fig. 13, and the process proceeds to step S110.
[0257] In this manner, even in a case where motion compensation images are extracted from frames in an enhancement
layer, the encoding apparatus 101 can generate a high-resolution and high-accuracy prediction image by more efficiently
utilizing the temporal correlation included in a signal sequence in a moving image, and can improve encoding efficiency.
Furthermore, since motion compensation images can be made to have a lower resolution than a prediction image, for
example, the encoding apparatus 101 can reduce the amount of image information to be read from a frame memory,
and can improve encoding efficiency while preventing an increase in load of processes such as encoding and decoding.
[0258] That is, the above method can also be applied to the case of encoding and decoding image information using
a single-layer structure that does not take spatial scalability into account. That is to say, the above method can also be
applied to encoding and decoding in the H.264/AVC standard.
[0259] Note that, as described above, when motion compensation images are extracted, the resolutions may be
adjusted to low resolutions. Thus, the extraction of motion compensation images may be performed in a plurality of
layers. In this regard, the filtering prediction process requires to determine the difference between the motion compen-
sation images. Thus, by this time, it is necessary to make the resolutions of the respective motion compensation images
match each other.
[0260]  The series of processes described above can be executed by hardware or software. In this case, the series
of processes may be implemented as, for example, a personal computer as illustrated in Fig. 21.
[0261] In Fig. 21, a CPU (Central Processing Unit) 501 of a personal computer 500 executes various processes in
accordance with a program stored in a ROM (Read Only Memory) 502 or in accordance with a program loaded into a
RAM (Random Access Memory) 503 from a storage unit 513. The RAM 503 also stores, as appropriate, data and the
like necessary for the CPU 501 to execute various processes.
[0262] The CPU 501, the ROM 502, and the RAM 503 are connected to one another via a bus 504. An input/output
interface 510 is also connected to the bus 504.
[0263] An input unit 511 including a keyboard, a mouse, etc., an output unit 512 including a display such as a CRT
(Cathode Ray Tube) display or an LCD (Liquid Crystal Display), speakers, etc., a storage unit 513 composed of a hard
disk and the like, and a communication unit 514 composed of a modem and the like are connected to the input/output
interface 510. The communication unit 514 performs a communication process via a network including the Internet.
[0264] A drive 515 is also connected to the input/output interface 510, as necessary, and a removable medium 521
such as a magnetic disk, an optical disk, a magneto-optical disk, or a semiconductor memory is attached to the drive
515, as appropriate. A computer program read from the removable medium 521 is installed into the storage unit 513 as
necessary.
[0265] In a case where the series of processes described above is executed by software, a program constituting the
software is installed from a network or a recording medium.
[0266] As illustrated in Fig. 21, this recording medium is not only composed of, for example, the removable medium
521 that is distributed separately from the apparatus main body in order to deliver the program to users and that has
the program recorded thereon, such as a magnetic disk (including a flexible disk), an optical disk (including a CD-ROM
(Compact Disc - Read Only Memory) and a DVD (Digital Versatile Disc)), a magneto-optical disk (including an MD (Mini
Disc)), or a semiconductor memory, but also composed of the ROM 502, the hard disk included in the storage unit 513,
and the like, which are distributed to users in the state being incorporated in the apparatus main body in advance and
that have the program recorded thereon.
[0267] Note that the program executed by the computer may be a program in which processes are performed in a
time-series manner in accordance with the order described herein, or may be a program in which processes are performed
in parallel or at a necessary timing such as when called.
[0268] Furthermore, as used herein, the steps describing a program recorded on a recording medium include, of
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course, processes performed in a time-series manner in the order described herein and also include processes that are
not necessarily processed in a time-series manner but are executed in parallel or individually.
[0269] Furthermore, as used herein, the term system refers to the overall apparatus composed of a plurality of devices
(apparatuses).
[0270] Furthermore, the configuration explained above as a single apparatus (or processing unit) may be divided to
construct a plurality of apparatuses (or processing units). Conversely, the configuration explained above as a plurality
of apparatuses (or processing units) may be collected to construct a single apparatus (or processing unit). Furthermore,
of course, a configuration other than that described above may be added to the configuration of each apparatus (or each
processing unit). Moreover, a portion of the configuration of a certain apparatus (or processing unit) may be included in
the configuration of another apparatus (or another processing unit) if the configuration or operation as an entire system
is substantially the same. That is to say, embodiments of the present invention are not to be limited to the embodiments
described above, and a variety of changes can be made without deviating from the gist of the present invention.
[0271] For example, the decoding apparatus 1 or encoding apparatus 101 described above can be applied to any
electronic device. Examples thereof will be explained hereinafter.
[0272] Fig. 22 is a block diagram illustrating an example configuration of a main part of a television receiver that uses
the decoding apparatus 1 to which the present invention is applied.
[0273] A television receiver 1000 illustrated in Fig. 22 includes a terrestrial tuner 1013, a video decoder 1015, a video
signal processing circuit 1018, a graphic generation circuit 1019, a panel drive circuit 1020, and a display panel 1021.
[0274] The terrestrial tuner 1013 receives a broadcast wave signal of a terrestrial analog broadcast via an antenna,
demodulates it, obtains a video signal, and supplies it to the video decoder 1015. The video decoder 1015 performs a
decoding process on the video signal supplied from the terrestrial tuner 1013, and supplies an obtained digital component
signal to the video signal processing circuit 1018.
[0275] The video signal processing circuit 1018 performs a certain process such as noise removal on the video data
supplied from the video decoder 1015, and supplies obtained video data to the graphic generation circuit 1019.
[0276] The graphic generation circuit 1019 generates video data of a program to be displayed on the display panel
1021, image data obtained through a process that is based on an application supplied via a network, or the like, and
supplies the generated video data or image data to the panel drive circuit 1020. Furthermore, the graphic generation
circuit 1019 also performs processes, as appropriate, such as generating video data (graphic) for displaying a screen
utilized by a user to select an item or the like, superimposing it onto the video data of the program to obtain video data,
and supplying the obtained video data to the panel drive circuit 1020.
[0277] The panel drive circuit 1020 drives the display panel 1021 on the basis of the data supplied from the graphic
generation circuit 1019, and causes video of a program or the various screens described above to be displayed on the
display panel 1021.
[0278] The display panel 1021 is formed of an LCD (Liquid Crystal Display) or the like, and causes video of a program
or the like to be displayed in accordance with the control by the panel drive circuit 1020.
[0279] Furthermore, the television receiver 1000 also includes an audio A/D (Analog/Digital) converter circuit 1014,
an audio signal processing circuit 1022, an echo cancellation/audio synthesis circuit 1023, an audio amplifier circuit
1024, and a speaker 1025.
[0280] The terrestrial tuner 1013 demodulates a received broadcast wave signal to acquire a video signal as well as
an audio signal. The terrestrial tuner 1013 supplies the acquired audio signal to the audio A/D converter circuit 1014.
[0281] The audio A/D converter circuit 1014 performs an A/D conversion process on the audio signal supplied from
the terrestrial tuner 1013, and supplies an obtained digital audio signal to the audio signal processing circuit 1022.
[0282] The audio signal processing circuit 1022 performs a certain process such as noise removal on the audio data
supplied from the audio A/D converter circuit 1014, and supplies obtained audio data to the echo cancellation/audio
synthesis circuit 1023.
[0283] The echo cancellation/audio synthesis circuit 1023 supplies the audio data supplied from the audio signal
processing circuit 1022 to the audio amplifier circuit 1024.
[0284] The audio amplifier circuit 1024 performs a D/A conversion process and an amplification process on the audio
data supplied from the echo cancellation/audio synthesis circuit 1023, and adjusts it to a certain volume before outputting
audio from the speaker 1025.
[0285] Further, the television receiver 1000 also includes a digital tuner 1016 and an MPEG decoder 1017.
[0286] The digital tuner 1016 receives a broadcast wave signal of a digital broadcast (terrestrial digital broadcast, BS
(Broadcasting Satellite)/CS (Communications Satellite) digital broadcast) via the antenna, demodulates it, acquires an
MPEG-TS (Moving Picture Experts Group-Transport Stream), and supplies it to the MPEG decoder 1017.
[0287] The MPEG decoder 1017 descrambles the MPEG-TS supplied from the digital tuner 1016, and extracts a
stream including the data of a program to be reproduced (to be viewed and listened to). The MPEG decoder 1017
decodes audio packets forming the extracted stream, and supplies obtained audio data to the audio signal processing
circuit 1022. Also, the MPEG decoder 1017 decodes video packets forming the stream, and supplies obtained video
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data to the video signal processing circuit 1018. Furthermore, the MPEG decoder 1017 supplies EPG (Electronic Program
Guide) data extracted from the MPEG-TS to a CPU 1032 via a path that is not illustrated in the figure.
[0288] The television receiver 1000 uses the decoding apparatus 1 described above as the MPEG decoder 1017 that
decodes a video packet in the above way. Note that an MPEG-TS transmitted from a broadcast station or the like has
been encoded by the encoding apparatus 101.
[0289] Similarly to the case of the decoding apparatus 1, the MPEG decoder 1017 performs filtering on images of a
plurality of reference planes in the base layer to generate a prediction image of the current block in the enhancement
layer. Accordingly, the MPEG decoder 1017 can more effectively utilize the signal components in an image sequence
than a spatial upsampling filter. As a result, a prediction image can have spatially higher frequency components than a
prediction image generated through conventional upconversion prediction that utilizes an image of the current frame in
the base layer, while prediction residuals can be reduced. That is to say, the amount of code for a picture to be encoded
in the enhancement layer can be reduced, and it is possible to contribute to the improvement in encoding efficiency.
[0290] Moreover, in this filtering prediction, decoded images in the enhancement layer at temporally different frames
are not referred to. Thus, the amount of processing necessary for encoding, the temporary storage capacity, the amount
of information read from a memory, and the like can be reduced, and the cost taken for implementation can be reduced.
Furthermore, power consumption can also be reduced.
[0291] The video data supplied from the MPEG decoder 1017 is subjected to, similarly to the case of the video data
supplied from the video decoder 1015, a certain process by the video signal processing circuit 1018, and generated
video data or the like is superimposed thereon by the graphic generation circuit 1019. The resulting data is supplied to
the display panel 1021 via the panel drive circuit 1020, and an image thereof is displayed.
[0292] The audio data supplied from the MPEG decoder 1017 is subjected to, similarly to the case of the audio data
supplied from the audio A/D converter circuit 1014, a certain process by the audio signal processing circuit 1022, supplied
to the audio amplifier circuit 1024 via the echo cancellation/audio synthesis circuit 1023, and subjected to a D/A conversion
process or an amplification process. Consequently, audio whose volume has been adjusted to a certain value is output
from the speaker 1025.
[0293] Furthermore, the television receiver 1000 also includes a microphone 1026 and an A/D converter circuit 1027.
[0294] The A/D converter circuit 1027 receives a signal of audio of a user, which is captured by the microphone 1026
provided in the television receiver 1000 for use in audio conversation, performs an A/D conversion process on the
received audio signal, and supplies obtained digital audio data to the echo cancellation/audio synthesis circuit 1023.
[0295] In a case where data of audio of a user (user A) of the television receiver 1000 has been supplied from the
A/D converter circuit 1027, the echo cancellation/audio synthesis circuit 1023 performs echo cancellation on the audio
data of the user A, and causes the data of audio obtained by, for example, being combined with other audio data to be
output from the speaker 1025 via the audio amplifier circuit 1024.
[0296] Further, the television receiver 1000 also includes an audio codec 1028, an internal bus 1029, an SDRAM
(Synchronous Dynamic Random Access Memory) 1030, a flash memory 1031, a CPU 1032, a USB (Universal Serial
Bus) I/F 1033, and a network I/F 1034.
[0297] The A/D converter circuit 1027 receives a signal of audio of a user, which is captured by the microphone 1026
provided in the television receiver 1000 for use in audio conversation, performs an A/D conversion process on the
received audio signal, and supplies obtained digital audio data to the audio codec 1028.
[0298] The audio codec 1028 converts the audio data supplied from the A/D converter circuit 1027 into data of a
certain format for transmission through a network, and supplies it to the network I/F 1034 via the internal bus 1029.
[0299] The network I/F 1034 is connected to a network via a cable attached to a network terminal 1035. The network
I/F 1034 transmits the audio data supplied from the audio codec 1028 to, for example, another apparatus connected to
the network. Furthermore, the network I/F 1034 receives, for example, audio data transmitted from another apparatus
connected over a network via the network terminal 1035, and supplies it to the audio codec 1028 via the internal bus 1029.
[0300] The audio codec 1028 converts the audio data supplied from the network I/F 1034 into data of a certain format,
and supplies it to the echo cancellation/audio synthesis circuit 1023.
[0301] The echo cancellation/audio synthesis circuit 1023 performs echo cancellation on the audio data supplied from
the audio codec 1028, and causes the data of audio obtained by, for example, being combined with other audio data to
be output from the speaker 1025 via the audio amplifier circuit 1024.
[0302] The SDRAM 1030 stores various data necessary for the CPU 1032 to perform processes.
[0303] The flash memory 1031 stores the program executed by the CPU 1032. The program stored in the flash memory
1031 is read by the CPU 1032 at a certain timing such as when the television receiver 1000 is started. The flash memory
1031 also stores EPG data acquired via digital broadcasting, data acquired from a certain server via a network, and the like.
[0304] For example, the flash memory 1031 stores an MPEG-TS including content data acquired from a certain server
over a network under the control of the CPU 1032. The flash memory 1031 supplies the MPEG-TS to the MPEG decoder
1017 via the internal bus 1029 by, for example, the control of the CPU 1032.
[0305] The MPEG decoder 1017 processes the MPEG-TS in a manner similar to that in the case of the MPEG-TS
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supplied from the digital tuner 1016. In this manner, the television receiver 1000 can receive content data composed of
video, audio, and the like over a network, decode the content data using the MPEG decoder 1017, display video of the
content data, and output audio.
[0306] Furthermore, the television receiver 1000 also includes a light receiving unit 1037 that receives light of an
infrared signal transmitted from a remote controller 1051.
[0307] The light receiving unit 1037 receives infrared light from the remote controller 1051, and outputs a control code
indicating the content of a user operation obtained through demodulation to the CPU 1032.
[0308] The CPU 1032 executes a program stored in the flash memory 1031, and controls the overall operation of the
television receiver 1000 in accordance with the control code supplied from the light receiving unit 1037 or the like. The
CPU 1032 is connected to each unit of the television receiver 1000 via a path that is not illustrated in the figure.
[0309] The USB I/F 1033 transmits and receives data to and from an external device of the television receiver 1000,
which is connected via a USB cable attached to a USB terminal 1036. The network I/F 1034 is connected to a network
via a cable attached to the network terminal 1035, and also transmits and receives data other than audio data to and
from various apparatuses connected to the network.
[0310] With the use of the decoding apparatus 1 as the MPEG decoder 1017, the television receiver 1000 is capable
of obtaining a high-definition decoded image without increasing a load during the decoding on video packets forming a
stream. That is to say, the television receiver 1000 can improve encoding efficiency while preventing an increase in load.
[0311] Fig. 23 is a block diagram illustrating an example configuration of a main part of a mobile phone that uses the
decoding apparatus 1 and the encoding apparatus 101 to which the present invention is applied.
[0312] A mobile phone 1100 illustrated in Fig. 23 includes a main control unit 1150 configured to totally control individual
units, a power supply circuit unit 1151, an operation input control unit 1152, an image encoder 1153, a camera I/F unit
1154, an LCD control unit 1155, an image decoder 1156, a multiplexing/demultiplexing unit 1157, a recording/reproducing
unit 1162, a modulation/demodulation circuit unit 1158, and an audio codec 1159. They are interconnected via a bus 1160.
[0313] Furthermore, the mobile phone 1100 includes an operation key 1119, a CCD (Charge Coupled Devices) camera
1116, a liquid crystal display 1118, a storage unit 1123, a transmission/reception circuit unit 1163, an antenna 1114, a
microphone (mic) 1121, and a speaker 1117.
[0314] When a call-end and power key is turned on by a user operation, the power supply circuit unit 1151 supplies
electric power to each unit from a battery pack, thereby starting the mobile phone 1100 so as to be able to operate.
[0315] The mobile phone 1100 performs various operations in various modes such as an audio call mode and a data
communication mode, such as transmitting and receiving an audio signal, transmitting and receiving electronic mail and
image data, capturing images, and recording data, on the basis of the control of the main control unit 1150 composed
of a CPU, a ROM, a RAM, etc.
[0316] For example, in the audio call mode, the mobile phone 1100 converts, using the audio codec 1159, an audio
signal collected by the microphone (mic) 1121 into digital audio data, performs a spread spectrum process on the digital
audio data using the modulation/demodulation circuit unit 1158, and performs a digital-to-analog conversion process
and a frequency conversion process using the transmission/reception circuit unit 1163. The mobile phone 1100 transmits
a transmission signal obtained through the conversion processes to a base station that is not illustrated in the figure via
the antenna 1114. The transmission signal (audio signal) transmitted to the base station is supplied to a mobile phone
on the other end of the call via a public telephone line network.
[0317] Furthermore, for example, in the audio call mode, the mobile phone 1100 amplifies, using the transmission/
reception circuit unit 1163, a received signal that has been received by the antenna 1114, further performs a frequency
conversion process and an analog-to-digital conversion process, performs an inverse spread spectrum process using
the modulation/demodulation circuit unit 1158, and converts the resulting signal into an analog audio signal using the
audio codec 1159. The mobile phone 1100 outputs the analog audio signal obtained by conversion from the speaker 1117.
[0318] Moreover, for example, in a case where electronic mail is transmitted in the data communication mode, the
mobile phone 1100 accepts, using the operation input control unit 1152, text data of electronic mail input by operating
the operation key 1119. The mobile phone 1100 processes the text data using the main control unit 1150, and causes
the resulting data to be displayed as an image on the liquid crystal display 1118 via the LCD control unit 1155.
[0319] Furthermore, the mobile phone 1100 generates, using the main control unit 1150, electronic mail data on the
basis of the text data accepted by the operation input control unit 1152, on the basis of a user instruction, or the like.
The mobile phone 1100 performs, using the modulation/demodulation circuit unit 1158, a spread spectrum process on
the electronic mail data, and performs, using the transmission/reception circuit unit 1163, a digital-to-analog conversion
process and a frequency conversion process. The mobile phone 1100 transmits a transmission signal obtained by the
conversion processes to a base station that is not illustrated in the figure via the antenna 1114. The transmission signal
(electronic mail) transmitted to the base station is supplied to a certain destination via a network, a mail server, and the like.
[0320] Furthermore, for example, in a case where electronic mail is received in the data communication mode, the
mobile phone 1100 receives, using the transmission/reception circuit unit 1163, a signal transmitted from a base station
via the antenna 1114, amplifies it, and further performs a frequency conversion process and an analog-to-digital con-
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version process. The mobile phone 1100 performs an inverse spread spectrum process on the received signal using
the modulation/demodulation circuit unit 1158 to restore the original electronic mail data. The mobile phone 1100 displays
the restored electronic mail data on the liquid crystal display 1118 via the LCD control unit 1155.
[0321] Note that the mobile phone 1100 is also capable of recording (storing) received electronic mail data on the
storage unit 1123 via the recording/reproducing unit 1162.
[0322] The storage unit 1123 is any rewritable storage medium. The storage unit 1123 may be, for example, a sem-
iconductor memory such as a RAM or a built-in flash memory, or may be a hard disk, or a removable medium such as
a magnetic disk, a magneto-optical disk, an optical disk, a USB memory, or a memory card. Of course, any other type
of medium may be used.
[0323] Further, for example, in a case where image data is transmitted in the data communication mode, the mobile
phone 1100 generates, using the CCD camera 1116, image data by capturing an image. The CCD camera 1116 includes
optical devices such as a lens and an aperture, and a CCD serving as a photoelectric conversion element, captures an
image of an object, converts the intensity of received light into an electrical signal, and generates image data of the
image of the object. The CCD camera 1116 encodes the image data using the image encoder 1153 via the camera I/F
unit 1154, and converts the image data into encoded image data.
[0324] The mobile phone 1100 uses the encoding apparatus 101 described above as the image encoder 1153 that
performs the above processes. Similarly to the case of the encoding apparatus 101, the image encoder 1153 uses
filtering prediction for generating a prediction image. Through this, a prediction image that includes more high-frequency
components than a prediction image generated through unidirectional prediction, bidirectional prediction, or upconversion
prediction and that has a small difference from the original image can be obtained. Hence, only a small amount of code
to be assigned to a residual can be required, and it is possible to increase encoding efficiency. Since the resolution of
reference frames is lower than that in the case of unidirectional prediction or bidirectional prediction in which frames in
the enhancement layer are referred to, the load of processes such as saving reference frames in the frame memory 122
and reading reference frames from the frame memory 122 is small. Moreover, filtering prediction can be performed using
at least two reference frames. Thus, such an increase in encoding efficiency is made feasible without increasing the
complexity of processing.
[0325] Note that, at this time, the mobile phone 1100 simultaneously performs, using the audio codec 1159, analog-
to-digital conversion on the audio collected by the microphone (mic) 1121 during the capture of an image using the CCD
camera 1116, and further encodes it.
[0326] The mobile phone 1100 multiplexes, using the multiplexing/demultiplexing unit 1157, the encoded image data
supplied from the image encoder 1153 and the digital audio data supplied from the audio codec 1159 using a certain
scheme. The mobile phone 1100 performs, using the modulation/demodulation circuit unit 1158, a spread spectrum
process on multiplexed data obtained as a result, and performs, using the transmission/reception circuit unit 1163, a
digital-to-analog conversion process and a frequency conversion process. The mobile phone 1100 transmits a trans-
mission signal obtained by the conversion process to a base station that is not illustrated in the figure via the antenna
1114. The transmission signal (image data) transmitted to the base station is supplied to the other end of the commu-
nication via a network or the like.
[0327] Note that in a case where no image data is to be transmitted, the mobile phone 1100 may also cause image
data generated using the CCD camera 1116 to be displayed on the liquid crystal display 1118 via the LCD control unit
1155 without intervention of the image encoder 1153.
[0328] Furthermore, for example, in a case where data of a moving image file having a link to a simplified homepage
or the like is to be received in the data communication mode, the mobile phone 1100 receives, using the transmission/
reception circuit unit 1163 via the antenna 1114, a signal transmitted from a base station, amplifies it, and further performs
a frequency conversion process and an analog-to-digital conversion process. The mobile phone 1100 performs an
inverse spread spectrum process on the received signal using the modulation/demodulation circuit unit 1158 to restore
the original multiplexed data. The mobile phone 1100 demultiplexes, using the multiplexing/demultiplexing unit 1157,
the multiplexed data to separate it into encoded image data and audio data.
[0329] The mobile phone 1100 decodes encoded image data using the image decoder 1156 to generate reproduction
moving image data, and displays the reproduction moving image data on the liquid crystal display 1118 via the LCD
control unit 1155. This allows, for example, moving image data included in a moving image file linked to the simplified
homepage to be displayed on the liquid crystal display 1118.
[0330] The mobile phone 1100 uses the decoding apparatus 1 described above as the image decoder 1156 that
performs the above processes. That is to say, similarly to the case of the decoding apparatus 1, the image decoder
1156 performs filtering on images of a plurality of reference planes in the base layer to generate a prediction image of
the current block in the enhancement layer. Accordingly, the image decoder 1156 can more effectively utilize the signal
components in an image sequence than a spatial upsampling filter. As a result, a prediction image can have spatially
higher frequency components than a prediction image generated through conventional upconversion prediction that
utilizes an image of the current frame in the base layer, while prediction residuals can be reduced. That is to say, the



EP 2 400 760 A1

27

5

10

15

20

25

30

35

40

45

50

55

amount of code for a picture to be encoded in the enhancement layer can be reduced, and it is possible to contribute to
the improvement in encoding efficiency.
[0331] Moreover, in this filtering prediction, decoded images in the enhancement layer at temporally different frames
are not referred to. Thus, the amount of processing necessary for encoding, the temporary storage capacity, the amount
of information read from a memory, and the like can be reduced, and the cost taken for implementation can be reduced.
Furthermore, power consumption can also be reduced.
[0332] At this time, the mobile phone 1100 simultaneously converts digital audio data into an analog audio signal using
the audio codec 1159, and causes it to be output from the speaker 1117. This allows, for example, audio data included
in the moving image file linked to the simplified homepage to be reproduced.
[0333] Note that, similarly to the case of electronic mail, the mobile phone 1100 may also be capable of causing
received data linked to the simplified homepage or the like to be recorded on (stored in) the storage unit 1123 via the
recording/reproducing unit 1162.
[0334] Furthermore, the mobile phone 1100 can also analyze, using the main control unit 1150, a two-dimensional
code obtained by the CCD camera 1116 by capturing an image thereof, and acquire information recorded in the two-
dimensional code.
[0335] Moreover, the mobile phone 1100 can communicate with an external device via infrared light using an infrared
communication unit 1181.
[0336] The mobile phone 1100 uses the encoding apparatus 101 as the image encoder 1153. Thus, for example,
encoding that takes spatial scalability into account when image data generated by the CCD camera 1116 is encoded
and transmitted, by more efficiently utilizing the temporal correlation included in a signal sequence in a moving image.
Thereby, for example, encoding efficiency can be improved while preventing an increase in the load of processes such
as encoding and decoding.
[0337] Furthermore, the mobile phone 1100 uses the decoding apparatus 1 as the image decoder 1156, thus making
it possible to obtain a high-definition decoded image without increasing the load of processing during decoding when,
for example, receiving data (encoded data) of a moving image file linked to a simplified homepage or the like. That is to
say, the mobile phone 1100 can improve encoding efficiency without preventing an increase in load.
[0338] Note that while it has been explained that the mobile phone 1100 uses the CCD camera 1116. However, the
mobile phone 1100 may use, in place of the CCD camera 1116, an image sensor (CMOS image sensor) that uses a
CMOS (Complementary Metal Oxide Semiconductor). Also in this case, similarly to the case of using the CCD camera
1116, the mobile phone 1100 can capture an image of an object and generate image data of the image of the object.
[0339] Furthermore, while the foregoing explanation has been given in the context of the mobile phone 1100, the
decoding apparatus 1 and the encoding apparatus 101 can be applied to, similarly to the case of the mobile phone 1100,
for example, any apparatus having an image capture function or communication function similar to that of the mobile
phone 1100, such as a PDA (Personal Digital Assistants), a smartphone, a UMPC (Ultra Mobile Personal Computer),
a netbook, or a notebook personal computer.
[0340] Fig. 24 is a block diagram illustrating an example configuration of a main part of a hard disk recorder that uses
the decoding apparatus 1 and the encoding apparatus 101 to which the present invention is applied.
[0341] A hard disk recorder (HDD recorder) 1200 illustrated in Fig. 24 is an apparatus that saves, in its built-in hard
disk, audio data and video data of a broadcast program included in a broadcast wave signal (television signal) transmitted
from a satellite, a terrestrial antenna, or the like, which has been received by a tuner, and that provides a user with the
saved data at a timing according to a user instruction.
[0342] The hard disk recorder 1200 can extract, for example, audio data and video data from a broadcast wave signal,
decode them as appropriate, and store them in the built-in hard disk. Furthermore, the hard disk recorder 1200 can also
acquire audio data or video data from another apparatus via, for example, a network, decode it as appropriate, and store
the decoded data in the built-in hard disk.
[0343] Further, the hard disk recorder 1200 can decode audio data and video data recorded on, for example, the built-
in hard disk, supply them to a monitor 1260, display an image thereof on a screen of the monitor 1260, and output audio
thereof from a speaker of the monitor 1260. Furthermore, the hard disk recorder 1200 can also decode, for example,
audio data and video data extracted from a broadcast wave signal acquired via a tuner or audio data and video data
acquired from another apparatus via a network, supply them to the monitor 1260, display an image thereof on the screen
of the monitor 1260, and output audio thereof from the speaker of the monitor 1260.
[0344] Of course, other operations are also possible.
[0345] As illustrated in Fig. 24, the hard disk recorder 1200 includes a receiving unit 1221, a demodulation unit 1222,
a demultiplexer 1223, an audio decoder 1224, a video decoder 1225, and a recorder control unit 1226. The hard disk
recorder 1200 further includes an EPG data memory 1227, a program memory 1228, a work memory 1229, a display
converter 1230, an OSD (On Screen Display) control unit 1231, a display control unit 1232, a recording/reproducing unit
1233, a D/A converter 1234, and a communication unit 1235.
[0346] Furthermore, the display converter 1230 includes a video encoder 1241. The recording/reproducing unit 1233
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includes an encoder 1251 and a decoder 1252.
[0347] The receiving unit 1221 receives an infrared signal from a remote controller (not illustrated), converts it into an
electrical signal, and outputs it to the recorder control unit 1226. The recorder control unit 1226 is composed of, for
example, a microprocessor or the like, and executes various processes in accordance with a program stored in the
program memory 1228. At this time, the recorder control unit 1226 uses the work memory 1229 as necessary.
[0348] The communication unit 1235 is connected to a network, and performs a communication process with another
apparatus via the network. For example, the communication unit 1235 is controlled by the recorder control unit 1226 to
communicate with a tuner (not illustrated) and to output mainly a channel selection control signal to the tuner.
[0349] The demodulation unit 1222 demodulates a signal supplied from the tuner, and outputs it to the demultiplexer
1223. The demultiplexer 1223 demultiplexes the data supplied from the demodulation unit 1222 into audio data, video
data, and EPG data, and outputs them to the audio decoder 1224, the video decoder 1225, and the recorder control
unit 1226, respectively.
[0350] The audio decoder 1224 decodes the input audio data and outputs the decoded audio data to the recording/
reproducing unit 1233. The video decoder 1225 decodes the input video data and outputs the decoded video data to
the display converter 1230. The recorder control unit 1226 supplies the input EPG data to the EPG data memory 1227
to store the EPG data.
[0351] The display converter 1230 encodes, using the video encoder 1241, video data supplied from the video decoder
1225 or the recorder control unit 1226 into video data of, for example, the NTSC (National Television Standards Com-
mittee) scheme, and outputs it to the recording/reproducing unit 1233. Furthermore, the display converter 1230 converts
the screen size of the video data supplied from the video decoder 1225 or the recorder control unit 1226 into the size
corresponding to the size of the monitor 1260, converts the video data into video data of the NTSC scheme using the
video encoder 1241, converts it into an analog signal, and outputs it to the display control unit 1232.
[0352] Under the control of the recorder control unit 1226, the display control unit 1232 superimposes an OSD signal
output from the OSD (On Screen Display) control unit 1231 onto the video signal input from the display converter 1230,
and outputs it to the display of the monitor 1260 to display it.
[0353]  The audio data output from the audio decoder 1224, which has been converted into an analog signal by the
D/A converter 1234, is also supplied to the monitor 1260. The monitor 1260 outputs the audio signal from its built-in
speaker.
[0354] The recording/reproducing unit 1233 includes a hard disk as a storage medium on which video data, audio
data, and the like are recorded.
[0355] The recording/reproducing unit 1233 encodes, using the encoder 1251, for example, the audio data supplied
from the audio decoder 1224. Furthermore, the recording/reproducing unit 1233 encodes, using the encoder 1251, the
video data supplied from the video encoder 1241 of the display converter 1230. The recording/reproducing unit 1233
combines the encoded data of the audio data and the encoded data of the video data using a multiplexer. The recording/
reproducing unit 1233 performs channel coding on resulting composite data, amplifies it, and writes the data to the hard
disk via a recording head.
[0356] The recording/reproducing unit 1233 reproduces the data recorded on the hard disk via a reproduction head,
amplifies it, and separates it into audio data and video data using a demultiplexer. The recording/reproducing unit 1233
decodes the audio data and the video data using the decoder 1252. The recording/reproducing unit 1233 performs D/A
conversion on the decoded audio data, and outputs it to the speaker of the monitor 1260. Furthermore, the recording/
reproducing unit 1233 performs D/A conversion on the decoded video data, and outputs it to the display of the monitor
1260.
[0357] The recorder control unit 1226 reads the latest EPG data from the EPG data memory 1227 on the basis of a
user instruction indicated by the infrared signal from the remote controller which is received via the receiving unit 1221,
and supplies the EPG data to the OSD control unit 1231. The OSD control unit 1231 produces image data corresponding
to the input EPG data, and outputs it to the display control unit 1232. The display control unit 1232 outputs the video
data input from the OSD control unit 1231 to the display of the monitor 1260 to display it. This allows an EPG (electronic
program guide) to be displayed on the display of the monitor 1260.
[0358] Furthermore, the hard disk recorder 1200 can also acquire various data such as video data, audio data, and
EPG data supplied from another apparatus via a network such as the Internet.
[0359] The communication unit 1235 is controlled by the recorder control unit 1226 to acquire encoded data such as
video data, audio data, and EPG data transmitted from another apparatus via a network, and supplies it to the recorder
control unit 1226. The recorder control unit 1226 supplies, for example, encoded data of the acquired video data and
audio data to the recording/reproducing unit 1233 to store it in a hard disk. At this time, the recorder control unit 1226
and the recording/reproducing unit 1233 may perform a process such as re-encoding as necessary.
[0360] Furthermore, the recorder control unit 1226 decodes encoded data of the acquired video data and audio data,
and supplies obtained video data to the display converter 1230. The display converter 1230 processes the video data
supplied from the recorder control unit 1226 in a manner similar to that of the video data supplied from the video decoder
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1225, and supplies the resulting video data to the monitor 1260 via the display control unit 1232 to display an image thereof.
[0361] Furthermore, along with the display of the image, the recorder control unit 1226 may supply decoded audio
data to the monitor 1260 via the D/A converter 1234 and output audio thereof from the speaker.
[0362] Further, the recorder control unit 1226 decodes encoded data of the acquired EPG data, and supplies the
decoded EPG data to the EPG data memory 1227.
[0363] The hard disk recorder 1200 as above uses the decoding apparatus 1 as each of the video decoder 1225, the
decoder 1252, and the built-in decoder of the recorder control unit 1226. That is to say, similarly to the case of the
decoding apparatus 1, the video decoder 1225, the decoder 1252, and the built-in decoder of the recorder control unit
1226 perform filtering on images of a plurality of reference planes in the base layer to generate a prediction image of
the current block in the enhancement layer.
[0364] Accordingly, the video decoder 1225, the decoder 1252, and the built-in decoder of the recorder control unit
1226 can more effectively utilize the signal components in an image sequence than a spatial upsampling filter. As a
result, a prediction image can have spatially higher frequency components than a prediction image generated through
conventional upconversion prediction that utilizes an image of the current frame in the base layer, while prediction
residuals can be reduced. That is to say, the amount of code for a picture to be encoded in the enhancement layer can
be reduced, and it is possible to contribute to the improvement in encoding efficiency.
[0365] Moreover, in this filtering prediction, decoded images in the enhancement layer at temporally different frames
are not referred to. Thus, the amount of processing necessary for encoding, the temporary storage capacity, the amount
of information read from a memory, and the like can be reduced, and the cost taken for implementation can be reduced.
Furthermore, power consumption can also be reduced.
[0366] Accordingly, the hard disk recorder 1200 can obtain a high-definition decoded image without increasing the
load of processing during decoding when, for example, the tuner or the communication unit 1235 receives video data
(encoded data) or when the recording/reproducing unit 1233 reproduces video data (encoded data) from a hard disk.
That is to say, the hard disk recorder 1200 can improve encoding efficiency without preventing an increase in load.
[0367] Furthermore, the hard disk recorder 1200 uses the encoding apparatus 101 as the encoder 1251. Accordingly,
similarly to the case of the encoding apparatus 101, the encoder 1251 obtains a prediction image that includes more
high-frequency components than a prediction image generated through bidirectional prediction or upconversion prediction
and that has a small difference from the original image. Hence, only a small amount of code to be assigned to a residual
can be reduced, and it is possible to increase encoding efficiency. Since the resolution of reference frames is lower than
that in the case of unidirectional prediction or bidirectional prediction in which frames in the enhancement layer are
referred to, the load of processes such as saving reference frames in the frame memory 122 and reading reference
frames from the frame memory 122 is small. Moreover, filtering prediction can be performed using at least two reference
frames. Thus, such an increase in encoding efficiency is made feasible without increasing the complexity of processing.
[0368] Accordingly, the hard disk recorder 1200 performs encoding that takes spatial scalability into account when,
for example, encoded data is recorded on a hard disk, by more efficiently utilizing the temporal correlation included in
a signal sequence in a moving image, and therefore can, for example, improve encoding efficiency without preventing
an increase in load of processes such as encoding and decoding.
[0369]  Note that while the hard disk recorder 1200 that records video data and audio data on a hard disk has been
explained, of course, any type of recording medium may be used. For example, even a recorder that uses a recording
medium other than a hard disk, such as a flash memory, an optical disk, or a videotape, can also use the decoding
apparatus 1 and the encoding apparatus 101 in a manner similar to that in the case of the hard disk recorder 1200
described above.
[0370] Fig. 25 is a block diagram illustrating an example configuration of a main part of a camera that uses the decoding
apparatus 1 and the encoding apparatus 101 to which the present invention is applied.
[0371] A camera 1300 illustrated in Fig. 25 captures an image of an object, and causes the image of the object to be
displayed on an LCD 1316 or records it on a recording medium 1333 as image data.
[0372] A lens block 1311 causes light (that is, video of an object) to be incident on a CCD/CMOS 1312. The CCD/
CMOS 1312 is an image sensor that uses a CCD or a CMOS, converts the intensity of received light into an electrical
signal, and supplies it to a camera signal processing unit 1313.
[0373] The camera signal processing unit 1313 converts the electrical signal supplied from the CCD/CMOS 1312 into
Y, Cr, and Cb color difference signals, and supplies them to an image signal processing unit 1314. Under the control of
a controller 1321, the image signal processing unit 1314 performs certain image processing on the image signal supplied
from the camera signal processing unit 1313, or encodes the image signal using an encoder 1341. The image signal
processing unit 1314 supplies encoded data generated by encoding the image signal to the decoder 1315. Further, the
image signal processing unit 1314 acquires display data generated by an on-screen display (OSD) 1320, and supplies
it to a decoder 1315.
[0374] In the foregoing processes, the camera signal processing unit 1313 utilizes a DRAM (Dynamic Random Access
Memory) 1318 connected via a bus 1317, and causes image data, encoded data obtained by encoding the image data,
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or the like to be held in the DRAM 1318 as necessary.
[0375] The decoder 1315 decodes the encoded data supplied from the image signal processing unit 1314, and supplies
obtained image data (decoded image data) to the LCD 1316.
Furthermore, the decoder 1315 supplies the display data supplied from the image signal processing unit 1314 to the
LCD 1316. The LCD 1316 combines the image of the decoded image data supplied from the decoder 1315 and the
image of the display data, as appropriate, and displays a resulting composite image.
[0376] Under the control of the controller 1321, the on-screen display 1320 outputs display data such as a menu
screen formed of signs, characters, or figures, and an icon to the image signal processing unit 1314 via the bus 1317.
[0377] The controller 1321 executes various processes on the basis of a signal indicating the content of a command
issued by a user using an operation unit 1322, and also controls the image signal processing unit 1314, the DRAM 1318,
an external interface 1319, the on-screen display 1320, a medium drive 1323, and the like via the bus 1317. A FLASH
ROM 1324 stores programs, data, and the like necessary for the controller 1321 to execute various processes.
[0378] For example, the controller 1321 can encode image data stored in the DRAM 1318 or decode encoded data
stored in the DRAM 1318 on behalf of the image signal processing unit 1314 or the decoder 1315. At this time, the
controller 1321 may perform an encoding or decoding process using a scheme similar to the encoding or decoding
scheme of the image signal processing unit 1314 or the decoder 1315, or may perform an encoding or decoding process
using a scheme that is not supported by the image signal processing unit 1314 or the decoder 1315.
[0379] Furthermore, for example, in a case where an instruction for starting printing an image has been issued from
the operation unit 1322, the controller 1321 reads image data from the DRAM 1318, and supplies it to a printer 1334
connected to the external interface 1319 via the bus 1317 to print it.
[0380] Further, for example, in a case where an instruction for recording an image has been issued from the operation
unit 1322, the controller 1321 reads encoded data from the DRAM 1318, and supplies it to the recording medium 1333
attached to the medium drive 1323 via the bus 1317 to store it.
[0381] The recording medium 1333 is, for example, any readable and rewritable removable medium such as a magnetic
disk, a magneto-optical disk, an optical disk, or a semiconductor memory. The recording medium 1333 may also be, of
course, any type of removable medium, and may be a tape device, a disk, or a memory card. Of course, a non-contact
IC card or the like may also be used.
[0382] Furthermore, the medium drive 1323 and the recording medium 1333 may also be integrally formed into, for
example, a non-portable storage medium such as a built-in hard disk drive or an SSD (Solid State Drive).
[0383] The external interface 1319 is composed of, for example, a USB input/output terminal or the like, and is connected
to the printer 1334 in a case where an image is to be printed. Furthermore, a drive 1331 is connected to the external
interface 1319 as necessary, and a removable medium 1332 such as a magnetic disk, an optical disk, or a magneto-
optical disk is attached as appropriate, so that a computer program read therefrom is installed into the FLASH ROM
1324 as necessary.
[0384] Further, the external interface 1319 includes a network interface that is connected to a certain network such
as a LAN or the Internet. The controller 1321 can read encoded data from the DRAM 1318 in accordance with an
instruction from, for example, the operation unit 1322, and supply it to another apparatus connected via a network from
the external interface 1319. Furthermore, the controller 1321 can acquire, via the external interface 1319, encoded data
or image data supplied from another apparatus via a network, and hold it in the DRAM 1318 or supply it to the image
signal processing unit 1314.
[0385] The camera 1300 as above uses the decoding apparatus 1 as the decoder 1315. That is to say, similarly to
the case of the decoding apparatus 1, the decoder 1315 performs filtering on images of a plurality of reference planes
in the base layer to generate a prediction image of the current block in the enhancement layer. Accordingly, the decoder
1315 can more effectively utilize the signal components in an image sequence than a spatial upsampling filter. As a
result, a prediction image can have spatially higher frequency components than a prediction image generated through
conventional upconversion prediction that utilizes an image of the current frame in the base layer, while prediction
residuals can be reduced. That is to say, the amount of code for a picture to be encoded in the enhancement layer can
be reduced, and it is possible to contribute to the improvement in encoding efficiency.
[0386] Accordingly, the camera 1300 can improve encoding efficiency without preventing an increase in load for, for
example, image data generated by the CCD/CMOS 1312, when encoded data of video data is read from the DRAM
1318 or the recording medium 1333, or when encoded data of video data is acquired via a network.
[0387] Furthermore, the camera 1300 uses the encoding apparatus 101 as the encoder 1341. Similarly to the case
of the encoding apparatus 101, the encoder 1341 can obtain a prediction image that includes more high-frequency
components than a prediction image generated through bidirectional prediction or upconversion prediction and that has
a small difference from the original image. Hence, only a small amount of code to be assigned to a residual can be
reduced, and it is possible to increase encoding efficiency. Since the resolution of reference frames is lower than that
in the case of unidirectional prediction or bidirectional prediction in which frames in the enhancement layer are referred
to, the load of processes such as saving reference frames in the frame memory 122 and reading reference frames from
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the frame memory 122 is small. Moreover, filtering prediction can be performed using at least two reference frames.
Thus, such an increase in encoding efficiency is made feasible without increasing the complexity of processing.
[0388] Accordingly, the camera 1300 performs encoding that takes spatial scalability into account when, for example,
encoded data is recorded on the DRAM 1318 or the recording medium 1333, or when encoded data is provided to
another apparatus, by more efficiently utilizing the temporal correlation included in a signal sequence in a moving image,
and therefore can, for example, improve encoding efficiency without preventing an increase in load of processes such
as encoding and decoding.
[0389] Note that a decoding method of the decoding apparatus 1 may be applied to a decoding process performed
by the controller 1321. Similarly, an encoding method of the encoding apparatus 101 may be applied to an encoding
process performed by the controller 1321.
[0390] Furthermore, image data captured by the camera 1300 may be that of a moving image or a still image.
[0391] Of course, the decoding apparatus 1 and the encoding apparatus 101 can also be applied to an apparatus or
a system other than the apparatuses described above.
[0392] Furthermore, the dimensions of a macroblock are arbitrary. The present invention can be applied to, for example,
a macroblock having any dimension as illustrated in Fig. 26. For example, the present invention can be applied not only
to a normal macroblock of 16 � 16 pixels but also to an extended macroblock (extension macroblock) such as a
macroblock of 32 � 32 pixels.
[0393] In Fig. 26, in the upper portion, macroblocks composed of 32 � 32 pixels that are divided by blocks (partitions)
of 32 � 32 pixels, 32 � 16 pixels, 16 � 32 pixels, and 16 � 16 pixels are illustrated in sequence from the left. Furthermore,
in the middle portion, blocks composed of 16 � 16 pixels that are divided by blocks of 16 � 16 pixels, 16 � 8 pixels, 8
� 16 pixels, and 8 � 8 pixels are illustrated in sequence from the left. Moreover, in the lower portion, blocks composed
of 8 � 8 pixels that are divided by blocks of 8 � 8 pixels, 8 � 4 pixels, 4 � 8 pixels, and 4 � 4 pixels are illustrated in
sequence from the left.
[0394] That is, macroblocks of 32 � 32 pixels can be processed by blocks of 32 � 32 pixels, 32 � 16 pixels, 16 � 32
pixels, and 16 � 16 pixels illustrated in the upper portion.
[0395] The block of 16 � 16 pixels illustrated on the right side in the upper portion can be processed by, similarly to
the H.264/AVC scheme, blocks of 16 � 16 pixels, 16 � 8 pixels, 8 � 16 pixels, and 8 � 8 pixels illustrated in the middle
portion.
[0396] The block of 8 � 8 pixels illustrated on the right side in the middle portion can be processed by, similarly to the
H.264/AVC scheme, blocks of 8 � 8 pixels, 8 � 4 pixels, 4 � 8 pixels, and 4 � 4 pixels illustrated in the lower portion.
[0397] The above blocks can be classified into the following three hierarchical layers. That is, the blocks of 32 � 32
pixels, 32 � 16 pixels, and 16 � 32 pixels illustrated in the upper portion of Fig. 26 are referred to as blocks in a first
hierarchical layer. The block of 16 � 16 pixels illustrated on the right side in the upper portion, and the blocks of 16 �
16 pixels, 16 � 8 pixels, and 8 � 16 pixels illustrated in the middle portion are referred to as blocks in a second hierarchical
layer. The block of 8 � 8 pixels illustrated on the right side in the middle portion, and the blocks of 8 � 8 pixels, 8 � 4
pixels, 4 � 8 pixels, and 4 � 4 pixels illustrated in the lower portion are referred to as blocks in a third hierarchical layer.
[0398] With the adoption of the above hierarchical layer structure, with regard to the blocks equal to or lower than the
block of 16 � 16 pixels, larger blocks can be defined as supersets thereof while maintaining the compatibility with the
H.264/AVC scheme.
[0399] For example, the decoding apparatus 1 and the encoding apparatus 101 may be configured to generate a
prediction image for each hierarchical layer. Furthermore, for example, the decoding apparatus 1 and the encoding
apparatus 101 may be configured to utilize a prediction image, which is generated in the first hierarchical layer that has
a larger block size than the second hierarchical layer, also for the second hierarchical layer.
[0400] Macroblocks for which encoding is to be performed using a comparatively large block size, such as the first
hierarchical layer and the second hierarchical layer, do not include comparatively high-frequency components. In contrast,
macroblocks for which encoding is to be performed using a comparatively small block size, such as the third hierarchical
layer, are considered to include comparatively high-frequency components.
[0401] Thus, prediction images are separately generated in accordance with individual hierarchical layers having
different block sizes, thus making feasible improvement in encoding performance suitable for local characteristics of an
image.

Reference Signs List

[0402] 1 decoding apparatus, 12 lossless decoding circuit, 15 adder circuit, 19 frame memory, 21 motion prediction/
compensation circuit, 41 prediction judgment circuit, 51 prediction selection circuit, 64 filtering prediction circuit, 71
extraction circuit, 72 filtering circuit, 81 difference calculation circuit, 82 upconversion circuit, 83 low-pass filter circuit,
84 gain adjustment circuit, 85 high-pass filter circuit, 86 gain adjustment circuit, 87 adder circuit, 88 upconversion circuit,
89 adder circuit, 101 encoding apparatus, 112 rearrangement buffer, 123 mode determination circuit, 125 motion pre-
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diction/compensation circuit, 126 intra-prediction circuit, 145 filtering prediction circuit, 155 filtering prediction circuit, 211
filtering circuit

Claims

1. An image processing apparatus comprising:

decoding means for decoding an encoded image;
generating means for adding an image decoded by the decoding means and a prediction image and for gen-
erating a decoded image;
extracting means for performing motion compensation using, as reference frames, frames formed of decoded
images generated by the generating means and using motion vectors in the images that have been encoded,
and for extracting motion compensation images having a lower resolution than the prediction image from the
reference frames corresponding to the prediction image; and
prediction image generating means for performing a filtering process for compensating the motion compensation
images extracted by the extracting means for high-frequency components by utilizing correlation in a time
direction that is included in the motion compensation images, thereby generating the prediction image that has
a higher resolution than the motion compensation images.

2. The image processing apparatus according to Claim 1,
wherein the encoded image has been hierarchically decomposed into images in a plurality of layers having different
resolutions and the images have been encoded,
wherein the decoding means decodes the encoded image in each layer,
wherein the generating means generates the decoded image in each layer,
wherein when decoding of a high-resolution layer is to be performed, the extracting means uses, as the reference
frames, frames in a layer having a lower resolution than the layer, and extracts motion compensation images from
the reference frames in the layer having a lower resolution, and
wherein the prediction image generating means generates the prediction image in the high-resolution layer by
performing the filtering process on the motion compensation images extracted from the reference frames in the
layer having a lower resolution.

3. The image processing apparatus according to Claim 1,
wherein the prediction image generating means includes
resolution converting means for converting a resolution of a difference image between a plurality of motion com-
pensation images extracted by the extracting means and increasing the resolution,
first filter means for applying a low-pass filter to the difference image whose resolution has been increased by the
resolution converting means,
second filter means for applying a high-pass filter to an image obtained by applying a low-pass filter by the first filter
means, and
adding means for adding the image obtained by applying a low-pass filter by the first filter means and an image
obtained by applying a high-pass filter by the second filter means to one of the plurality of motion compensation
images extracted by the extracting means, and for generating the prediction image.

4. The image processing apparatus according to Claim 3, wherein the adding means adds the image obtained by
applying a low-pass filter by the first filter means and the image obtained by applying a high-pass filter by the second
filter means to a motion compensation image extracted from a preceding frame with respect to a time of the prediction
image.

5. The image processing apparatus according to Claim 1, further comprising:

unidirectional prediction means for performing unidirectional prediction using a plurality of motion compensation
images, and for generating the prediction image;
bidirectional prediction means for performing bidirectional prediction using a plurality of motion compensation
images, and for generating the prediction image; and
judging means for judging whether the prediction image is to be generated through unidirectional prediction by
the unidirectional prediction means, generated through bidirectional prediction by the bidirectional prediction
means, or generated through the filtering process by the prediction image generating means, by using an
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identification flag included in a header of the encoded image.

6. An image processing method comprising:

decoding an encoded image;
adding a decoded image and a prediction image and generating a decoded image;
performing motion compensation using, as reference frames, frames formed of generated decoded images and
using motion vectors in the images that have been encoded, and extracting motion compensation images having
a lower resolution than the prediction image from the reference frames corresponding to the prediction image; and
performing a filtering process for compensating the extracted motion compensation images for high-frequency
components by utilizing correlation in a time direction that is included in the motion compensation images,
thereby generating the prediction image that has a higher resolution than the motion compensation images.

7. An image processing apparatus comprising:

encoding means for encoding an original image that is an image to be encoded, and for generating an encoded
image;
detecting means for detecting motion vectors on the basis of images and the original image, each of the images
being obtained by performing local decoding on the basis of a residual signal indicating a difference between
the original image and a prediction image;
extracting means for performing motion compensation using, as reference frames, frames formed of the images
obtained by performing local decoding and using the motion vectors detected by the detecting means, and for
extracting motion compensation images having a lower resolution than the prediction images from the reference
frames corresponding to the prediction images; and
generating means for performing a filtering process for compensating the motion compensation images extracted
by the extracting means for high-frequency components by utilizing correlation in a time direction that is included
in the motion compensation images, thereby generating a prediction image having a higher resolution than the
motion compensation images.

8. The image processing apparatus according to Claim 7, wherein the encoding means generates encoded images
in a plurality of layers having different resolutions,
wherein when decoding of a high-resolution layer is to be performed, the extracting means uses, as the reference
frames, frames in a layer having a lower resolution than the layer, and extracts motion compensation images from
the reference frames in the layer having a lower resolution using motion vectors detected in the layer having a lower
resolution by the detecting means, and
wherein the generating means generates a prediction image in the high-resolution layer by performing the filtering
process on the motion compensation images extracted from the reference frames in the layer having a lower res-
olution.

9. The image processing apparatus according to Claim 7,
wherein the generating means includes
resolution converting means for converting a resolution of a difference image between a plurality of motion com-
pensation images extracted by the extracting means and increasing the resolution,
first filter means for applying a low-pass filter to the difference image whose resolution has been increased by the
resolution converting means,
second filter means for applying a high-pass filter to an image obtained by applying a low-pass filter by the first filter
means, and
adding means for adding the image obtained by applying a low-pass filter by the first filter means and an image
obtained by applying a high-pass filter by the second filter means to one of the plurality of motion compensation
images extracted by the extracting means, and generating the prediction image.

10. The image processing apparatus according to Claim 9,
wherein the adding means adds the image obtained by applying a low-pass filter by the first filter means and the
image obtained by applying a high-pass filter by the second filter means to a motion compensation image extracted
from a preceding frame with respect to a time of the prediction image.

11. The image processing apparatus according to Claim 7,
wherein the encoding means makes a header include an identification flag identifying whether a prediction image
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to be added to an image decoded by a decoding apparatus is to be generated through unidirectional prediction,
generated through bidirectional prediction, or generated through the filtering process.

12. An image processing method comprising:

encoding an original image that is an image to be encoded, and generating an encoded image;
detecting motion vectors on the basis of images and the original image, each of the images being obtained by
performing local decoding on the basis of a residual signal indicating a difference between the original image
and a prediction image;
performing motion compensation using, as reference frames, frames formed of the images obtained by per-
forming local decoding and using the detected motion vectors, and extracting motion compensation images
having a lower resolution than the prediction images from the reference frames corresponding to the prediction
images; and
performing a filtering process for compensating the extracted motion compensation images for high-frequency
components by utilizing correlation in a time direction that is included in the motion compensation images,
thereby generating a prediction image having a higher resolution than the motion compensation images.

Amended claims under Art. 19.1 PCT

1. amended) An image processing apparatus comprising:

extracting means for performing motion compensation using, as reference frames, frames formed of decoded
images and using motion vectors in the images that have been encoded, and for extracting motion compensation
images having a lower resolution than a prediction image from the reference frames corresponding to the
prediction image; and
prediction image generating means for performing a filtering process for compensating the motion compensation
images extracted by the extracting means for high-frequency components by utilizing correlation in a time
direction that is included in the motion compensation images, thereby generating the prediction image that has
a higher resolution than the motion compensation images.

2. amended) The image processing apparatus according to Claim 1, wherein the images that have been encoded
have been hierarchically decomposed into images in a plurality of layers having different resolutions and the images
have been encoded,
wherein when decoding of a high-resolution layer is to be performed, the extracting means uses, as the reference
frames, frames in a layer having a lower resolution than the layer, and extracts motion compensation images from
the reference frames in the layer having a lower resolution, and
wherein the prediction image generating means generates the prediction image in the high-resolution layer by
performing the filtering process on the motion compensation images extracted from the reference frames in the
layer having a lower resolution.

3. amended) The image processing apparatus according to Claim 1,
wherein the prediction image generating means includes
resolution converting means for converting a resolution of a difference image between a plurality of motion com-
pensation images extracted by the extracting means and increasing the resolution,
low-pass filter means for applying a low-pass filter to the difference image whose resolution has been increased by
the resolution converting means,
high-pass filter means for applying a high-pass filter to an image obtained by applying a low-pass filter by the low-
pass filter means, and
adding means for adding the image obtained by applying a low-pass filter by the low-pass filter means and an image
obtained by applying a high-pass filter by the high-pass filter means to one of the plurality of motion compensation
images extracted by the extracting means, and for generating the prediction image.

4. amended) The image processing apparatus according to Claim 3,
wherein the adding means adds the image obtained by applying a low-pass filter by the low-pass filter means and
the image obtained by applying a high-pass filter by the high-pass filter means to a motion compensation image
extracted from a preceding frame with respect to a time of the prediction image.
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5. amended) The image processing apparatus according to Claim 1, further comprising:

receiving means for receiving an identification flag identifying whether the prediction image is to be generated
through unidirectional prediction, the prediction image is to be generated through bidirectional prediction, or the
prediction image is to be generated through the filtering process performed by the prediction image generating
means; and
judging means for judging whether the prediction image is to be generated through unidirectional prediction,
the prediction image is to be generated through bidirectional prediction, or the prediction image is to be generated
through the filtering process, by referring to the identification flag received by the receiving means.

6. amended) The image processing apparatus according to Claim 5, further comprising:

unidirectional prediction means for performing unidirectional prediction using a plurality of motion compensation
images, and for generating the prediction image; and
bidirectional prediction means for performing bidirectional prediction using a plurality of motion compensation
images, and for generating the prediction image.

7. amended) The image processing apparatus according to Claim 1, further comprising:

decoding means for decoding an encoded image; and
generating means for adding an image decoded by the decoding means and a prediction image and for gen-
erating a decoded image.

8. amended) An image processing method comprising:

performing motion compensation using, as reference frames, frames formed of decoded images and using
motion vectors in the images that have been encoded, and extracting motion compensation images having a
lower resolution than a prediction image from the reference frames corresponding to the prediction image; and
performing a filtering process for compensating the extracted motion compensation images for high-frequency
components by utilizing correlation in a time direction that is included in the motion compensation images,
thereby generating the prediction image that has a higher resolution than the motion compensation images.

9. amended) An image processing apparatus comprising:

detecting means for detecting motion vectors on the basis of images and an original image that is an image to
be encoded, each of the images being obtained by performing local decoding on the basis of a residual signal
indicating a difference between the original image and a prediction image;
extracting means for performing motion compensation using, as reference frames, frames formed of the locally
decoded images and using the motion vectors detected by the detecting means, and for extracting motion
compensation images having a lower resolution than the prediction images from the reference frames corre-
sponding to the prediction images; and
generating means for performing a filtering process for compensating the motion compensation images extracted
by the extracting means for high-frequency components by utilizing correlation in a time direction that is included
in the motion compensation images, thereby generating a prediction image having a higher resolution than the
motion compensation images.

10. amended) The image processing apparatus according to Claim 9,
wherein when decoding of a high-resolution layer is to be performed, the extracting means uses, as the reference
frames, frames in a layer having a lower resolution than the layer, and extracts motion compensation images from
the reference frames in the layer having a lower resolution using motion vectors detected in the layer having a lower
resolution by the detecting means, and
wherein the generating means generates a prediction image in the high-resolution layer by performing the filtering
process on the motion compensation images extracted from the reference frames in the layer having a lower res-
olution.

11. amended) The image processing apparatus according to Claim 9,
wherein the generating means includes
resolution converting means for converting a resolution of a difference image between a plurality of motion com-
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pensation images extracted by the extracting means and increasing the resolution,
low-pass filter means for applying a low-pass filter to the difference image whose resolution has been increased by
the resolution converting means,
high-pass filter means for applying a high-pass filter to an image obtained by applying a low-pass filter by the low-
pass filter means, and
adding means for adding the image obtained by applying a low-pass filter by the low-pass filter means and an image
obtained by applying a high-pass filter by the high-pass filter means to one of the plurality of motion compensation
images extracted by the extracting means, and generating the prediction image.

12. amended) The image processing apparatus according to Claim 11,
wherein the adding means adds the image obtained by applying a low-pass filter by the low-pass filter means and
the image obtained by applying a high-pass filter by the high-pass filter means to a motion compensation image
extracted from a preceding frame with respect to a time of the prediction image.

13. added)
The image processing apparatus according to Claim 9, further comprising:

encoding means for encoding an original image that is an image to be encoded, and for generating an encoded
image.

14. added) The image processing apparatus according to Claim 9,
wherein the encoding means makes a header include an identification flag identifying whether a prediction image
to be added to an image decoded by a decoding apparatus is to be generated through unidirectional prediction,
generated through bidirectional prediction, or generated through the filtering process.

15. added) An image processing method comprising:

detecting motion vectors on the basis of images and an original image that is an image to be encoded, each of
the images being obtained by performing local decoding on the basis of a residual signal indicating a difference
between the original image and a prediction image;
performing motion compensation using, as reference frames, frames formed of the locally decoded images and
using the detected motion vectors, and extracting motion compensation images having a lower resolution than
the prediction images from the reference frames corresponding to the prediction images; and
performing a filtering process for compensating the extracted motion compensation images for high-frequency
components by utilizing correlation in a time direction that is included in the motion compensation images,
thereby generating a prediction image having a higher resolution than the motion compensation images.

Statement under Art. 19.1 PCT

Claim 1 and Claim 8 clarify that a prediction image having a higher resolution than motion compensation images is
generated by performing motion compensation using, as reference frames, frames formed of decoded images and using
motion vectors in the images that have been encoded, and extracting motion compensation images having a lower
resolution than a prediction image from the reference frames corresponding to the prediction image, and by performing
a filtering process for compensating the extracted motion compensation images for high-frequency components by
utilizing correlation in a time direction that is included in the motion compensation images.

Claim 9 and Claim 15 clarify that a prediction image having a higher resolution than motion compensation images
is generated by detecting motion vectors on the basis of images and an original image that is an image to be encoded,
each of the images being obtained by performing local decoding on the basis of a residual signal indicating a difference
between the original image and a prediction image; by performing motion compensation using, as reference frames,
frames formed of the locally decoded images and using the detected motion vectors, and extracting motion compensation
images having a lower resolution than the prediction images from the reference frames corresponding to the prediction
images; and by performing a filtering process for compensating the extracted motion compensation images for high-
frequency components by utilizing correlation in a time direction that is included in the motion compensation images.

The present invention is intended to enable, for example, improvement in encoding efficiency while preventing an
increase in load.
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